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Abstract
The bathymetry of the Pacific Ocean is dominated by three Large Igneous Provinces (LIP): the
Ontong Java Plateau, the Hikurangi Plateau and the Manihiki Plateau. Taylor (2006) proposed
their joined emplacement as one "Super"-LIP Ontong Java Nui in the early Cretaceous. Petro-
logical and geochemical data point to this scenario, but geophysical evidence is sparse. To
evaluate the hypothesis of Ontong Java Nui, refraction/wide-angle reflection seismic data was
collected in 2012, during the RV Sonne cruise So-224 across the two main sub-provinces of
theManihiki Plateau. Themodeling and interpretation of P-wave velocity, S-wave velocity and
density profiles across the Manihiki Plateau along with available seismic reflection data aims to
enhance our understanding of the crustal structure of the Manihiki Plateau and improve the
plate kinematic reconstruction of the western Pacific region during the Cretaceous.
If the hypothesis is correct, the Manihiki Plateau exposes break-up margins to all other LIPs of
Ontong Java Nui. The Manihiki Plateau itself is fragmented into multiple sub-provinces. The
two largest sub-provinces, the High Plateau and the Western Plateaus have been studied in-
tensively in this experiment. The crustal structure of the High Plateau is comparable to other
LIPs with a high velocity zone (P-wave velocities >7.3 km/s) in the lower crust and a basaltic
to gabbroic crust. The crustal thickness is 20 km. Secondary magmatic phases are strong on
the High Plateau expressed in multiple volcanic centers. The Danger Islands Troughs are a se-
ries of pull-apart basins, which separate the High Plateau from the Western Plateaus. These
plateaus have been subject to massive tectonic deformation such as the gradual decrease in
crustal thickness from 17.3 km in the East to 9.1 km in theWest. Secondary volcanism is limited
to fracture zones and low volume seamount volcanism.
Since the crustal structureof theWesternPlateauspoints to a joinedemplacement, the "Super"-
LIP can be reassembled. The data also provides further evidence for a eastern and a northeast-
ern continuation of theManihiki Plateau by the sudden termination of the high velocity zone in
the lower crust towards the East. It has been accounted for subducted LIP-parts, the rotation
of LIP fragments such as the Hikurangi Plateau, crustal stretching invoked during the break-up
and the crust emplaced during secondarymagmatic stages. This calculates to an approximated
initial size of Ontong Java Nui of 1.1. % of the Earth’s surface. Based on this information I re-
constructed the "Super"-LIP Ontong Java Nui andmodeled its break-up during the Cretaceous
Normal Superchron.
The initial emplacement of Ontong Java Nui can be explained by the interaction of a man-
tle plume with the Pacific-Phoenix ridge resulting in different crustal thicknesses throughout
the plateau. I modeled the motion of different fragments of Ontong Java Nui using mapped
fracture zones, traces of former plate boundaries and refined kinematic rotation poles of the
western Pacific. Paleogene and Neogene intraplate tectonic activity occurred within the Ellice
Basin between the Ontong Java Plateau and the Manihki Plateau and on the Manihiki Plateau
itself.
The eastern and northeastern fragments of the Manihiki Plateau have been captured by the
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Phoenix and Farallon Plate, respectively. The eastern fragment subducted analog to the south-
ernHikurangi Plateau at the easternGondwanamargin in today’s BellingshausenSea andPalmer
Land region during the Mid-Cretaceous, possibly flattening the slab of the subduction zone.
The northeastern fragment collided with the South American craton during the Paleocene. In
this amagmatic trench setting, oceanic terranes were accreted to the craton building up today’s
northern Andes. The Piñón formation of Colombia and Ecuador is a possible candidate to be
a remnant of the lower crust of the Manihiki Plateau.
III
Zusammenfassung
Die Bathymetrie des pazifischen Ozeans ist durch drei große vulkanischer Provinzen geprägt.
Große vulkanische Provinzen werden auch als Large Igneous Provinces oder kurz LIP bezeich-
net. Taylor (2006) stellte dieHypothese auf, dass diese drei LIPs - dasOntong Java Plateau, das
Hikurangi Plateau und das Manihiki Plateau - zusammen während der frühen Kreide, als eine
sogenannte "Super"-LIP namensOntong JavaNui entstanden sind. Diese Annahme stützt sich
besonders auf petrologische und geochemische Daten. Geophysikalische Untersuchungen
der Region sind jedoch noch lückenhaft. Um die Entstehung des Manihiki Plateaus und seine
Rolle innerhalb des vermuteten "Super"-LIPs besser zu verstehen, wurden 2012 refraktions-
/ weitwinkelreflektionsseismische Daten, die die zwei größten Unterprovinzen des Manihiki
Plateaus, das High Plateau und das Western Plateau, abdecken, erhoben. Ich modellierte und
interpretierte P- und S-Wellenmodelle, sowie Dichtemodelle der aufgenommenen Profile.
Diese betrachtete ich im Anschluss, zusammen mit den verfügbaren reflexionsseismischen
Daten im plattentektonischen Kontext des westlichen Pazifiks. Des weiteren ist die Struktur
der Erdkruste der verschiedenen Unterprovinzen des Manihiki Plateaus von Interesse.
Das High Plateau des Manihiki Plateaus zeigt den typischen krustalen Aufbau einer großen
vulkanischen Provinzmit Basalten und Gabbros in der oberen undmittleren Kruste und einem
Hochgeschwindigkeitskörper (P-Wellengeschwindigkeit > 7.3 km/s) in der unteren Kruste. Die
Mächtigkeit der Kruste beträgt 20 km. Spätere vulkanische Phasen haben das Plateau mit
mehreren vulkanischen Zentren stark überprägt. Die Danger Islands Troughs sind eine Reihe
von Pull-apart Becken, die das High Plateau von den Western Plateaus trennen. Die Western
Plateaus zeigen eine starke tektonische Deformation innerhalb der gesamten Kruste, deren
Mächtigkeit von Osten nachWesten von 17.3 km auf nur 9.1 km abnimmt. Spätere vulkanische
Phasen sind hier schwach ausgeprägt.
Die neugewonnen Daten zeigen Hinweise auf eine gemeinsame Entstehung der LIPs. Unter
Berücksichtigung aller vorhandenenDaten, habe ich die Plateauswieder zusammengefügt. Hi-
erbei berücksichtigte ich besonders die subduzierten Anteile, die Rotationen der verschiede-
nen Fragmente, sowie die Dehnung der Kruste und die durch spätere vulkanische Phasen ent-
standene Kruste. Ontong Java Nui entstand durch die Wechselwirkung eines pulsierenden
Manteldiapirs mit dem mittelozeanischen Rücken zwischen der Pazifischen Platte und der
Phoenix Platte. Bei seiner Entstehung bedeckte Ontong Java Nui wahrscheinlich 1.1% der Er-
doberfläche. Durch das Kartieren von Störungszonen, die die Bewegung der Platten nachze-
ichnen und ehemaliger Grenzflächen tektonischer Platten, kann die tektonische Bewegung der
einzelnen Plateaus nachempfunden werden und die plattenkinematischen Rotationspole des
westlichen Pazifiks für die Zeit der Kreide verbessert werden. Während des Paläogen und des
Neogens treten platteninterne tektonische Aktivitäten im Bereich des Ellice Basins und des
Manihiki Plateaus auf.
Das östliche und das nordöstliche Fragment des Manihiki Plateaus wird im Zuge der platten-
tektonischen Reorganisation und des Auseinanderbrechens der "Super"-LIP in die Phoenix,
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beziehungsweise die Farallon Platte integriert. Das östliche Fragment trifft innerhalb der mit-
tleren Kreide auf die Subduktionszone am östlichen Gondwanarand auf und wird dort analog
zum südlichenHikurangi Plateau subduziert. Dadurch flachte derWinkel der Subduktionszone
im Bereich der heutigen Bellingshausensee und Palmer Land in der Westantarktis ab. Das
nordöstliche Fragment kollidiert während des Paläogen mit dem südamerikanischen Kraton.
An diesem amagmatischen Graben werden ozeanische Terrane an den Kraton angeschweißt,
die die heutigen nördlichen Anden bilden. Die Piñón Formation des heutigen Kolumbiens und
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1 Introduction and motivation
1.1 Historic and current volcanic activity and their impact on theglobal
environment
Approximately 80 % of the Earth’s surface consists of magmatically derived rocks (Schmincke,
2004). Most of the volcanic activity is concentrated along plate tectonic boundaries. Oceanic
crust is formed at mid-oceanic ridges by a constant production of magma leading to oceanic
spreading and the separation of tectonic plates. At convergent plate boundaries, volcanic ac-
tivity is present at the arc creating mountain ranges such as the Andes or island arcs like the
Japanese Islands. Volcanic activity altered not only the shape of the Earth as it creates tectonic
plates, but also the climate and the environment. Volcanic eruptions are clear agemarkers in a
variety of proxy reconstructions of the past climate from high-resolution archives such as tree-
rings, ice cores and corals (e.g. Church et al., 2005; Pyle, 1998; Sadler and Grattan, 1999). The
environmental impact of volcanic eruptions can be seen in the geologic and historic records or
even our own life span.
In 2010, Europe was kept in suspense by the massive eruptions of the Eyjafjallajökul volcano
on Iceland (Fig. 1.1), resulting not only in an interruption of air traffic services, but also in mas-
sive increase of fine dust and sulfur concentrations within the atmosphere and on the ground
throughout Europe (e.g. Gudmundsson et al., 2012; Langmann et al., 2012). Local and regional
changes in the atmosphere caused by the eruption ceasedwithin the followingmonths (Achter-
berg et al., 2013; Gudmundsson et al., 2012; Langmann et al., 2012).
A far more dramatic episode of massive volcanic eruptions occurred in Indonesia in the year
1815 (Briffa et al., 1998; Sadler and Grattan, 1999; Self et al., 2004). The eruption of the Tamb-
ora volcano (Fig.1.1) lead to a decrease in annual summer mean temperatures across Europe of
up to 3.5 °C in 1816 and widespread snowfall in North America during the months of July and
August 1816 (Briffa et al., 1998). This year is often referred to as "Eighteen hundred and frozen
to death" or the "year without a summer". The eruption of Tambora volcano was the most se-
vere volcanic episode within historic times. The release of sulfate aerosols to the atmosphere
obscured the sky for decades after the initial eruption, reflecting a part of the incoming sun-
light (Self et al., 2004). This was due to its high volcanic explosivity index(VEI) (7), which is the
second highest class on the logarithmic VEI scale. The global extent of the Tambora aerosol
cloud can be inferred by the presence of volcanic debris in ice cores from both hemispheres
1
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Figure 1.1: Overview on the global distribution of Large Igneous Provinces modified after Bryan and Fer-
rari (2013) continental flood basalts and volcanic rifted margins are shown in red, oceanic
plateaus and ocean flood basalt provinces are shown in light blue, oceanic plateaus related to
Ontong Java Nui are shown in royalblue and seamount and hotspot tracks are shown in black,
the position of the locations mentioned in the text are marked with stars: Hawaii hotspot
(green), Tambora volcano (pink), Eyjafjallajökul volcano (beige), Huaynaputina volcano (pur-
ple) and Pinatubo volcano (orange)
(Briffa et al., 1998; Self et al., 2004). The recent eruption of Eyjafjallajökul volcano reached a
4 on the VEI scale, making the eruption of Tambora a thousand times more severe. Over the
decade following the Tambora eruption, the global mean temperature was reduced by 0.6 °C
(Briffa et al., 1998; Sadler and Grattan, 1999). The massive eruption of a single volcano such as
Tambora, but also for example of Huaynaputina (Peru) (VEI 6) (De Silva and Zielinski, 1998) and
most recently the Pinatubo volcano (Phillipines) (VEI 6) (Church et al., 2005; Self et al., 2004)
lead to a distortion of the global environment. The deposition of volcanic ash endangers flora
and fauna over great distances, additionally to the global acid and aerosol fallout. Oceans in
the vicinity of the erupting volcano can become anoxic and therefore hazardous to inhabit. The
emplacement of volcanic particles into the atmosphere leads to the reduction of solar radia-
tion on the ground, thus cooling the Earth.
Those are eruptions that occur in short time intervals, changing the environment for decades,
but their environmental impact, as severe as it seems from the human perspective, is just a
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blink of the eye of the eruption of a Large Igneous Province (LIP).
1.2 Large Igneous Provinces -massive volcanic eruptions shaping the
face of Earth
Large Igneous Province formation is coupled to the third major variety of volcanism on Earth,
the intra plate volcanism (Fig. 1.2). Themost prominent example for intraplate volcanism is the
Hawaiian Islands (Fig. 1.1). The Emperor/Hawaii volcanic chain has been active since the Late
Cretaceous or even earlier (Wilson, 1965).
Figure 1.2: Different stages of a mantle plume a) mantle plume
rising through the mantle b) creation of an oceanic
plateau/Large Igneous Province above a surfacing plume
head c) hotspot volcanism initiated by a plume tail
The formation of volcanic
chains by a hotspot can be
related to the presence of
a mantle plume (Fig. 1.2).
A mantle plume rises from
the core-mantle boundary
through the mantle to the
lithosphere as a mushroom-
shaped head followed by its
tail (e.g. Griffiths and Camp-
bell, 1990; Richards et al.,
1989). The surfacing of the
plume head is believed to be
the causeofmassive volcanic
eruptions reshaping andover-
printing large areas in the marine and the continental realm (Coffin and Eldholm, 1993, 1994).
Most LIPs are of a mafic to ultramafic composition such as the Deccan Traps in India or the
Kerguelen Plateau (Indian Ocean), but also a small number of silicious LIPs exist such as the
Sierra Madre Occidental in North America (Fig. 1.1) (Bryan and Ernst, 2008).
To differentiate between LIPs and other volcanic formations such as seamounts, the follow-
ing definition of Large Igneous Provinces was put forward by Bryan and Ernst (2008), which is
based on earlier works by Coffin and Eldholm (1994).
“Large Igneous Provinces are magmatic provinces with areal extents > 0.1 Mkm2 , igneous volumes >
0.1 Mkm3 and maximum lifespans of≈ 50 Myr that have intraplate tectonic settings or geochem-
ical affinities, and are characterized by igneous pulse(s) of short duration (≈ 1–5 Myr), during which
a large proportion (>75 %) of the total igneous volume has been emplaced.”
This broad definition also includes volcanic rifted margins (e.g. North Atlantic) and Archean
Greenstone Belts (e.g. South Africa) (Fig. 1.1) (Bryan and Ernst, 2008). In this dissertation, I will
3
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Figure 1.3: Impact and consequences of LIP emplacement on the environmentmodified afterNeal et al.
(2008)
focus on the LIPs of the marine environment, with a special focus on the Pacific Ocean and
the LIPs of the Ontong Java Nui event (Fig. 1.1). The oceanic LIPs can be divided into oceanic
plateaus such as the Kerguelen Plateau and the LIPs of Ontong Java Nui and ocean basin flood
basalts such as the Nauru Basin north of the Ontong Java Plateau (Bryan and Ernst, 2008).
Massive volcanic eruptions have of course a tremendous impact on the global environment
(Fig. 1.3). The historic volcanic eruptions mentioned above provide a first insight in the com-
plex interplay of volcanic activity and the environment. LIPs form over millions of years and
experience an episodic, pulse-like magmatic activity, which peaks in the first 1-5 Ma of the
LIP emplacement (Bryan and Ernst, 2008; Karlstrom and Richards, 2011). Therefore, LIPs can
be linked to radical changes in the global environment such as mass extinction events (e.g.
Sobolev et al., 2011;Wignall, 2005, 2001). The presence of chalcophile elements (Cu, Au, Ag)
within the LIP magmas make them economically attractive for mining, especially if they are
obducted onto a continent (Rosenbaum et al., 2005)
The release ofmagmatic volatiles (e.g. CO2, SO2) can lead to the depletion of oxygen from the
oceans resulting in a biological crisis due to oceanic anoxic events (OAE) (Fig. 1.3). Tejada et al.
(2009) link samples from the lower Aptian Selli-Level in central Italy, identified as OAE1a, to
the inital eruption of theOntong Java Plateau by usingmarine Os-isotope ratios (187Os/188Os).
The global occurrence of this event highlights the dramatic changes invoked by a LIP. The con-
tent of greenhouse gases within the atmosphere increases, leading to a perturbation of the
atmosphere and ocean chemistry (Fig. 1.3). The build-up of the oceanic LIP causes the dis-
ruption of the previously established ocean currents and initiates sudden sea level rises (Fig.
1.3).
Additionally, LIPs influence the tectonic behavior of oceanic plates (Cloos, 1993). While a 8 km
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thick normal oceanic crust subducts easily at a trench, extremely overthickened crust (>30km)
can cause the choking of the subduction zone as observed at the Ontong Java Plateau (Mann
and Taira, 2004; Taira et al., 2004). Other oceanic plateaus subducted below the continen-
tal crust, but cause, the build-up of orogens. This is mainly triggered by the phase conversion
between basalt and eclogite as it can be observed for the counterpart of the Shatzky Rise and
the evolution of the Laramide orogeny (Liu et al., 2010).
This short overview highlights the impact of LIPs on the global environment. Before we can
quantify the environmental relevance of LIPs, it is important to understand the nature of their
emplacement and further evolution. In the western Pacific a particular interest lays in the in-
teraction between the different LIPs of the area and their tectonic connection. In this thesis
I will contribute to our understanding of the emplacement and evolution of a LIP. The main
focus is on the crustal structure and the tectonic behavior of the different parts of an oceanic
plateau, which can be used as the base of further studies towards understanding the impact of
LIPs on the global environment.
1.3 The Manihiki Plateau and the LIPs of Ontong Java Nui
Figure 1.4: Bathymetric map of the western Pacific, LIPs
of Ontong Java Nui are shaded in white, for-
mer spreading centers aremarked in yellow, the
inlet figure shows a close-up of the Manihiki
Plateau
The three largest LIPs of the western
Pacific are the Ontong Java Plateau,
the Hikurangi Plateau and the Manihiki
Plateau (Fig. 1.4), which are believed to
have emplaced together as the Super
Large Igneous Province Ontong Java
Nui during the early Cretaceous (Tay-
lor, 2006) and separated shortly af-
terwards (Chandler et al., 2012, 2013;
Davy et al., 2008; Larson et al., 2002;
Taylor, 2006; Viso et al., 2005).
This proposed Super-LIP covered ap-
proximately 1% of the Earth’s surface
during the early Cretaceous. TheMani-
hiki Plateau is the centerpiece of this
Super-LIP (Chandler et al., 2012; Taylor,
2006) and therefore should show the
evidence of the break-up at all its mar-
gins.
Approximately 800mof sedimentary
strata ranging from volcaniclastic ma-
terial in the deeper layers to calcareous
ooze in the upper layers are present on
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the plateau (Ai et al., 2008;Winterer et al., 1974). The thickness of the igneous crust is estimated
to be about 3.1 times thicker than normal oceanic crust (Hussong et al., 1979), which typically
is about 8 km thick. The initial magmatism on the Manihiki Plateau was of thoellitic nature
and occurred approximately between 125 Ma and 110 Ma (Hoernle et al., 2009, 2010; Ingle
et al., 2007; Timm et al., 2011). Later alkalic volcanism also referred to as the seamount stage
is present between 110 Ma and 43 Ma (Hoernle et al., 2009). An older third stage of magmatic
activity forming the nucleus of the plateau can be revealed by seismic reflection data (Pietsch
and Uenzelmann-Neben, 2015) and is possibly older than the oldest dated dredge samples.
The Manihiki Plateau is fragmented in multiple sub-provinces: the High Plateau, the West-
ern Plateaus and the Northern Plateau (Fig. 1.4) (Winterer et al., 1974). Gravimetric, reflection,
and refraction seismic evidence suggests the former presence of further sub-provinces to the
North and the East of the Manihiki Plateau (Pietsch and Uenzelmann-Neben, 2015; Viso et al.,
2005). The reason for this fragmentation is currently unknown, butmultiple authors (e.g.Davy
et al., 2008; Nakanishi et al., 2015; Taylor, 2006) relate the presence of deep troughs such
as the Danger Islands Troughs (Fig. 1.4) to the proposed break-up of Ontong Java Nui or the
presence of former spreading centers. The break-up of the supposed Super-LIP is not well un-
derstood. The separation between the Hikurangi Plateau and the Manihiki Plateau took place
at the Osbourn Trough and was finalized with the hard-docking of the Hikurangi Plateau to
the continental Chatham Rise at the Gondwana Margin (∼100 Ma) (Fig. 1.4) (Billen and Stock,
2000; Davy, 2014; Downey et al., 2007;Worthington et al., 2006). Since there is no clear evi-
dence of a spreading center in the Nova Canton Trough between the Ontong Java Plateau and
the Manihiki Plateau (Fig. 1.4), plate tectonic reconstructions have to be achieved by tracing
fracture zones (Chandler et al., 2012; Taylor, 2006). The whole separation and integration of
Ontong Java Nui took place during the Cretaceous Normal Superchron (CNS) (125 Ma - 83 Ma)
(Gee and Kent, 2007). Subsequently, there are no magnetic polarity reversals to guide plate
kinematic reconstruction and it is essential to compile all available geological, petrological and
geophysical data for plate tectonic reconstructions of the region.
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2 Research questions
In the following, I provide a condensedoverviewof the research questions addressed inmydis-
sertation. The preparedmanuscripts, which discuss the different topics below, can be found in
Chapter 5, Chapter 6 and Chapter 7.
Crustal and upper mantle structure of the Manihiki Plateau
Winterer et al. (1974) provided the first insight into the crustal structure of the Manihiki Plateau.
Unfortunately, their experiments only revealed data down to the middle crust and no infor-
mation could be gained on the depth of the Moho or the velocity structure of the lower crust.
The Manihiki Plateau is fragmented into sub-provinces, which have been assumed to exhibit a
similar crustal structure (Viso et al., 2005). However, gravity anomaly data reveals clear differ-
ences between the sub-provinces. Therefore, I investigated the structure of the crust and the
upper mantle of the twomain sub-provinces of the Manihiki Plateau by refraction/wide-angle
reflection seismic experiments.
• How thick is the crust of the Manihiki Plateau?
• Are there differences between the two main sub-provinces, the High Plateau and the
Western Plateaus, in crustal thickness and internal structure?
• What does the crustal structure imply in regard to the tectonic andmagmatic develop-
ment of the plateau?
The internal fragmentation of the Manihiki Plateau
The unusual fragmentation of the Manihiki Plateau into multiple sub-provinces leadWinterer
et al. (1974) and Taylor (2006) to interpret theDanger Islands Troughs as an aborted rift system,
which separates the High Plateau and the Western Plateaus. Viso et al. (2005) postulate a
northeastern and an eastern fragment, whichwere adjacent to theHigh Plateau of theManihiki
Plateau during its time of emplacement.
• What tectonic mechanism lead to the formation of the Danger Islands Troughs?
• Are there indications for an initial continuation of the Manihiki Plateau towards the
East?
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The Manihiki Plateau and the proposed "Super" - LIP Ontong Java Nui
Taylor (2006) proposed the joined emplacement of the three LIPs - Ontong Java, Hikurangi
and Manihiki Plateaus - as one single plateau he namedOntong Java Nui. The joined emplace-
ment of the Manihiki Plateau and the Hikurangi Plateau seems to be a well established factor
in the literature (Billen and Stock, 2000; Downey et al., 2007; Worthington et al., 2006), but
the connection between the Ontong Java Plateau and the Manihiki Plateau is still uncertain, if
present at all.
• Are there indications for a joined emplacement of theManihiki Plateau and the Ontong
Java Plateau?
• If the Super-LIP existed, can I provide further constraints on the size, structure and em-
placement scenario of Ontong Java Nui?
Plate-tectonic reconstruction of thewestern Pacific for the Cretaceous
Normal Superchron
The internal fragmentation of the Manihiki Plateau along with the possible presence of sub-
provinces to the east and northeast of the High Plateau has so far been ignored by global plate
tectonic reconstructions (Seton et al., 2012). Other models, for example by Davy (2014) or
Worthington et al. (2006) outline plate tectonic concepts such as the rotation of the Hikurangi
Plateau and the existence of a subduction zone at theWishbone Scarp, but fail to provide plate
kinematic reconstructions of the western Pacific within the global context.
• How did the initial break-up of Ontong Java Nui occur and which role does theManihiki
Plateau play within the break-up scenario?
• What constraints canbe given for the subsequent dispersal of the LIPacross thewestern
Pacific?
• What was the ultimate fate of the proposed fragments of the Manihiki Plateau?
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3 Datasets, methods and processing
During my dissertation, I modeled refraction/wide-angle reflection seismic data and com-
puted P- wave and S-wave models of two 500 km long profiles, which reveal the crustal
structure of the High Plateau and the Western Plateaus of the Manihiki Plateau in the west-
ern Pacific. To facilitate the interpretation of the models, I also calculated the Poisson’s Ratio
andmodeled the gravity anomalies of the twomain sub-provinces of the Manihiki Plateau. As
the final step, I used the newly gained information on the crustal structure to reconstruct the
plate motion during the CNS in the western Pacific. In the following, I will outline the different
datasets and methods, which I used for the processing and interpretation of the data.
3.1 Geophysical Datasets
3.1.1 New geophysical data acquired during the cruise So-224
The project MANIHIKI II (Fig. 3.1) is a cooperation between the Alfred-Wegener-Institut Helm-
holtz-Zentrum für Polar- und Meeresforschung (AWI) in Bremerhaven (Germany) and the GE-
OMAR Helmholtz-Zentrum für Ozeanforschung in Kiel (Germany). It was funded by the Ger-
man Federal Ministry of Education and Research. During MANIHIKI II - Leg 1 (So-224), the
AWI collected new geophysical data (Fig. 3.2) aboard the RV Sonne on the Manihiki Plateau
(Uenzelmann-Neben, 2012). Geological and petrological data was acquired during the subse-
quent cruise MANIHIKI II - Leg 2 (So-225) by the GEOMAR (Werner et al., 2013).
Figure 3.1: Cruise Logo So-224/So-225
During cruise So-224, the AWI recorded
two refraction/wide-angle refraction seismic
lines (Fig. 3.2), crossing the two main sub-
provinces of the Manihiki Plateau along with
corresponding reflection seismic profiles to
reveal the crustal structure of the Manihiki
Plateau and its margins. Those two deep-
crustal profiles and the resulting P-wave, S-
wave models along with their geological in-
terpretationbuilt thebasis ofmydissertation.
Additionally, 28 reflection seismic lines were
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Figure 3.2: Overviewof the existing andnewly acquired data from theManihiki Plateau; a) data collected
during So-224 black thin lines reflection seismic profiles, black thick lines seismic refraction
profiles, yellow stars position of OBS/OBH-systems b) pre-existing data black thin lines are
single channel seismic reflection profiles, red points indicate rocksamples, DSDP leg 33 site
317 is shownby theorange starH.P.stands for theHighPlateau,W.P. for theWesternPlateaus
and N.P. for the North Plateau
recorded on the High Plateau of the Manihiki
Plateau (Fig. 3.2), which were processed by R. Pietsch (Pietsch and Uenzelmann-Neben, 2015).
Bathymetry and sediment echo sounding was recorded throughout the cruise.
3.1.2 Pre-existing datasets
In addition to the new datasets from the Manihiki Plateau, I also used multiple pre-existing
datasets. Since gravity anomaly datawas not recordedduringSo-224, I reverted to global com-
pilations of gravity data by Sandwell et al. (2014) to calculate densitymodels and trace geologi-
cal lineaments of the oceanic crust. I integrated the bathymetricmeasurements of So-224 into
the global bathymetry grid from GEBCO (2014) (Weatherall et al., 2015), to enhance the reso-
lution of the topography within my study area. Magnetic anomaly data was taken from Maus
et al. (2009). Additional reflection seismic single channel data was collected by J. Stock and B.
Luyendykduring the cruiseKIWI Leg 12onR/VRevelle available via http://www.ig.utexas.edu.sdc
and during the cruise CATO03 presented byWinterer et al. (1974) (Fig. 3.2).
Additional to geophysical data from the Manihiki Plateau, rock and sediment samples have
been collected from the High Plateau, the margins of the Manihiki Plateau and the internal
troughs (Fig. 3.2). Althoughmultiple cruises have been dedicated to the collection of rock sam-
ples (e.g. Clague, 1976; Hoernle et al., 2009, 2010; Ingle et al., 2007; Timm et al., 2011;Werner
and Hauff, 2007;Werner et al., 2013), the coverage with dated rock samples is still sparse (Fig.
3.2) and mainly confined to the deep troughs and the margins of the plateau. The sedimen-
tary column and the uppermost basaltic basement have been drilled by the Deep Sea Drilling
10
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Figure 3.3: The steps of refraction seismic profiling at sea; a) OBS assemblage on deck of RV Sonne; b)
Preparation for OBS deployment (Photo by J. Grützner); c) G-gun array on deck of RV Sonne
(Photo by J. Grützner); d) G-Gun array in use as seismic source (Photo by J. Grützner); e) OBS
station floating at sea surface; f) recovery of OBS station
Project (DSDP) Leg 33 Site 317 in 1974 (Schlanger et al., 1976) (Fig. 3.2).
3.2 Refraction/wide-angle reflection seismic data
3.2.1 Geophysical principle of refraction/wide-angle seismic data
During seismic surveys, the travel-time of seismic waves through the Earth’s interior is mea-
sured. The seismic wave is emitted at a source and is reflected and refracted at impedance
contrasts throughout the subsurface. Receiver units record the arrivals of the different phases
of the seismic wave. To image deeper areas of the Earth such as the crust and the upper man-
tle, the offset between the source and the receiver has to be larger than if the goal is a detailed
study of the sedimentary column. For amarine survey, the seismic source is also towed behind
the vessel. The receiver units are either a streamer unit, which is as well towed or ocean bot-
tom seismometer stations, which are placed on the seafloor before the data acquisition starts.
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After the vessel and therefore the seismic source passed the receiver stations on the seafloor,
the stations are contacted and rise to the sea surface to be picked up by the vessel. Detailed
information on the experimental set-up of the data used in this dissertation is provided in the
following section 3.2.2.
3.2.2 Data acquisition during So-224
Thedatawas acquiredduring theRVSonne cruiseSo-224,which startedon the 11th ofOctober,
2012 in Suva (Fiji) and ended on the 17th of November 2012 at the same port (Uenzelmann-
Neben, 2012). The seismic refraction data was recorded on 33 stations on each of the two pro-
files crossing the two largest sub-plateaus of the Manihiki Plateau. We used 28 Ocean Bottom
Seismometer (OBS) stations (Figs. 3.3 and 3.4) and five Ocean Bottom Hydrophone (OBH)
stations (Fig. 3.5).
Figure 3.4: Sketch of OBS from above and the side
The stations consist of synthetic foam floats
mounted on a steel frame (Figs. 3.3, 3.4
and 3.5 ). An anchoring weight is fixed
to the frame via an acoustic/time release
unit (type KUMQuat or type IXSEA) to allow
the descent of the station to the seafloor.
For recording the seismic activity, OBS sta-
tions were equipped with a 3-component
(4.5s natural period) seismometer and a hy-
drophone. OBH stations are only equipped
with a hydrophone. The recorded data is
stored by a seismic data logger (MBS, MLS
or MTS-type), which was placed in a pressure
cylinder along with a battery pack. The de-
ployment spacingwas kept at 14.1 km for pro-
file AWI-20120100and ranged from24.1 km
to 10.9 km on profile AWI-20120200 to en-
sure a better data coverage for themargins of
the plateau (Fig. A.1).
The seismic source used during the seismic refraction experiments were an array of 8 G-Guns
(8.5 liters/520 in3 volume each) with a total volume of 68 liters or 460 in3 (Fig. 3.3c). The array
was towed in 4 x 2 clusters at a water depth of 10 m behind the vessel. The seismic signal was
initiated every full minute at 210 bar (Fig. 3.3d). Multichannel seismic reflection data was also
collected for the OBS/OBH profiles with the 3000 m long 240-channel hydrophone array
streamer (SERCEL SEALTM ).
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Figure 3.5: Sketch of an OBH station
After the data acquisition the releaser units were
triggered acoustically and by unlocking from the
anchorweight the station rose to the surface, where
itwas located andpickedupby the vessel (Fig. 3.3e-
d). To facilitate the localization, all stations were
equipped with a radio and a light signal.
The onboard processing of the refraction seismic
data consists of multiple steps, which I will briefly
outline below. Navigational data was obtained
and reformatted to fit the format requirements
given by the program "send2x" (SEND GmbH). The
raw data was downloaded from the data storage
units. "send2x" demultiplexed the data and corrects
the shift of the internal clock of the OBS/OBH-
systems. This resulted in four SEGY-files for the
OBS-stations and a single file for theOBH-stations.
Since the stations may drift during the decent to
the seafloor and the ascent to the surface due to
ocean currents, the stations have to be re-located. To correct for this offset, the direct water
wave was picked and the difference between the initial deployment coordinate and the first
direct water wave arrival was added or subtracted to the data. A first quality control was also
carried out during the cruise (Uenzelmann-Neben, 2012).
Data quality was in general very good. Unfortunately, two stations did not record data on pro-
file AWI-20120100 and four stations failed on profile AWI-20120200. Almost all stations
show P-wave arrivals of the lower crust and the upper mantle. S-wave arrivals can be ob-
served throughout the profiles for the upper and middle crust. The lower crust and the upper
mantle are poorly resolved by S-wave arrivals. For a better overview on the performance of
the deployed stations see A.2 in the Appendix. Amap of the deployment positions is also pro-
vided (Fig. A.1).
3.2.3 Modeling of P- and S-wave arrivals
The modeling of P-wave and S-wave velocities was carried out using a standard ray-tracing
method implemented in "rayinvr" (Zelt and Smith, 1992). Forward modeling is a widely used
technique for refraction/wide-angle reflection data (e.g. Altenbernd et al., 2014; Fromm et al.,
2015; Mechie et al., 2009; Mjelde, 2005; Mjelde et al., 2001) and I will only briefly provide the
main aspects here. For phase identification and the subsequent picking of the arrivals, I used
the software "ZP" (Zelt, 2004). For most stations, the hydrophone channel supplied the most
reliable data and was therefore used for the analysis (see A.2). For S-wave identification the
horizontal components were also used, but proofed to include more noise and internal re-
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vibrations than the data collectedwith the hydrophone. The traveltimes of the different crustal
and sedimentary layers are picked and saved with an identifier referring to the specific layer.
Within the seismogram, reflected phases appear as hyperbolas, refracted phases are straight
to slightly bent (Fig. 3.6). The apparent seismic velocity of the layer is the inverse of the slope.
Figure 3.6: Example of refraction seismic data top
panel seismogram of Station 1 of AWI-
20120100 (hydrophone channel), middle
panel resulting P-wave model with ray
paths (red - direct wave, blue - refracted
phase, green - reflected wave), bottom
panel picked (thin grey lines) and modeled
arrival times
This picked arrival times were then inte-
grated into a model of the velocity struc-
ture of the crust (Fig. 3.6). Since P-
wave arrivals are more commonly ob-
served and better constrained, I first ob-
tained the P-wave velocity models for
both profiles. I use the software "ray-
invr" (Zelt and Smith, 1992) for the for-
ward modeling and the graphical inter-
face "PRay" (Fromm, 2012), which greatly
facilitates the modeling procedure. The
initial starting model included the bathy-
metric measurements acquired during
So-224 (Uenzelmann-Neben, 2012), base-
ment reflections from seismic reflec-
tion data (Pietsch and Uenzelmann-Neben,
2015) and the crustal structure revealed
within the 1-D profiles calculated at the
OBS/OBH stations. The position of the
OBS/OBH was confirmed by the mod-
eling of the arrival direct water wave. P-
wave velocities were assigned manually
to each layer from the sedimentary lay-
ers to the upper mantle. The P-wave ve-
locities of the sediment layer are in good
agreement with the velocities obtained
from the reflection seismic data (Pietsch
and Uenzelmann-Neben, 2015). The inter-
nal structure of the crust is modeled by the interplay of reflections from boundary layers and
the nature (direct, reflected, refracted) of the phases. To enhance themodel, "rayinvr" provides
a inversion algorithm. I ran this inversion for selected areas and layers within the model. This
algorithm also provides statistical information on the resolution and variability of the model.
In order to compare the P-wave and S-wave model I calculated the S-wave model with the
same layer distribution (depth nodes) and the same position of the velocity nodes within the
model. This also allowed the calculation of the Poisson’s ratio (σ). The calculated P- and S-wave
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models are presented in Chapter 5 along with their geological interpretation.
3.2.4 Calculation of the Poisson’s ratio (σ)
The calculation of the Poisson’s ratio (σ) allows to differentiate rock types. Since themost com-
mon rocks within the crust have similar P-wave velocities, the relation to the S-wave velocities
can give further indication on the petrological components and the degree of metamorphism,
which the rock experienced (Christensen, 1996). It allows the differentiation between felsic and
mafic rocks as shown by Grobys et al. (2007) for the Bounty Trough area offshore New Zealand
and the estimation of for example the Mg/Fe ratio within the gabbroic crust (Mjelde, 2005).
With regards to an LIP the main questions to tackle with the Possion’s ratio (σ) are to identify
possible areas of serpentinization (serpentinite σ = 0.34 - 0.35; gabbro σ = 0.29 (Christensen,
1996)) and possibly to recognize changes within the petrology (Fe/Mg-ratio, alkalic and thoel-
litic emplacement phases). The Poisson’s ratio is calculated by:
σ = 0.5 (vp/vs)
2−2
(vp/vs)2−1
The program package "rayinvr" includes a subroutine to convert the P-wave and S-wave ve-
locity models into a model displaying the Poisson’s ratio (σ). Since the S-wave model of AWI-
20120100 was restricted to the upper crust, I only present the model calculated for AWI-
20120200 (see Chapter 5).
3.3 Modeling of gravity anomaly data
To verify and constrain areas of themodels with low ray-coverage, I calculated gravity anomaly
models of both seismic refraction profiles. I obtained the gravity anomaly data from the global
gravity anomaly grid by Sandwell et al. (2014), since there was no gravity data recorded dur-
ing the cruise So-224. The P-wave velocities obtained by ray-tracing have been converted
into blocks of specific densities (Barton, 1986; Hamilton, 1978). Modeling of the gravity model
was done with "IGMAS" (Götze et al., 2002). To assure a good comparability between the two
methods, I kept the layer boundaries identified within the P-wave velocity model fixed and
separated areas of denser or lighter material as additional blocks within themodel. The gravity
anomaly modeling supports the assumed crustal thickness of the sub-provinces as well as the
strong variations within the upper crust of theWestern Plateaus. In general, I can report a good
fit between the P-wave model and the gravity anomaly data. The misfit ranges between 3.6
mgal and 2.4 mgal. Information on the crustal structure gained by the calculation of the Pois-
son’s ration (σ) was also included into the gravity model for example in regard to the possible
areas of serpentinization.
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3.4 Plate kinematic model with "GPlates"
Figure 3.7: "GPlates"-philosophy
After revealing the crustal structure of the
Manihiki Plateau, I prepared plate kinematic
models with the software "GPlates", which
is an open-source software published and
maintained by the Earthbyte Project at the
University of Sydney, the Division of Ge-
ological and Planetary Sciences at CalTech,
the Geodynamics Group at the Geological
Survey of Norway and the Centre of Earth
Evolution and Dynamics at the University
of Oslo. "GPlates" can be downloaded via
www.gplates.org. "GPlates" allows to per-
form regional plate kinematic reconstruc-
tions and embed them into a global context.
It also combines the advantages of a geographical information system with plate kinematic
reconstructions, allowing a wide variety of data types. A number of tutorials and datasets can
be downloaded along with the software. A deeper insight into the ""GPlates"-philosophy" is
provided in various publications such as Boyden et al. (2011).
In the following sections, I will briefly outline the possibilities "GPlates" offers for plate kine-
matic reconstructions and will focus on the techniques I used for the reconstruction of the
western Pacific, which is presented in Chapter 6 and 7.
3.4.1 Global plate kinematic models with "GPlates"
In general, plate kinematic reconstructions performed with "GPlates" are based on four main
components: the absolute reference frame, the relative plate motion between the plates, in-
formation on the age and timing of the motion and the different plate boundaries (Fig. 3.7).
Those corner stones of plate kinematic reconstruction are described in further detail below.
For easier identification, Plate IDs are attributed to tectonic plates. These IDs are selected to
represent the tectonic realm in their first integer (e.g. Africa - 7 or Pacific - 9). I used the PlateIDs
established by the "GPlates" community (Seton et al., 2012) and added individual PlateIDs for
newly added independent plates (Tab. B.1).
Absolute reference frame
The absolute reference frame chosen for the reconstruction is the base of global plate motion
and shows the relative motion of the tectonic plates to a fixed reference frame such as a sta-
tionary or moving hotspot reference frame or a deep mantle reference frame. Hotspot refer-
ence frames include the assumption, that the hotspots of the Atlantic/Indian Oceans and Pa-
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cific Ocean are stationary features in the geological environment throughout time, and hotspot
trails such as the Hawaiian/Emperor chain are a direct measurement of the plate movement.
Because the hotspots experience a motion between each other, recent plate tectonic models
use a moving hotspot frame (e.g. O’Neill et al., 2005). For the Pacific realmWessel and Kroenke
(2008) proposed an absolute plate motion path for reconstructions starting as far back as 145
Ma, which is the oldest seamount age found on the Pacific Plate. Plate tectonic reconstruc-
tions dealing with time frames older than 145 Ma have to refer to a paleomagnetic absolute
plate reference system (Torsvik et al., 2008). Such a deep mantle reference frame is based on
paleomagnetic data obtained and reconstructed to the rocks initial emplacement region.
Themain area of interest inmy plate kinematic reconstruction lays in the Pacific Ocean, there-
fore I used a fixed Pacific Hotspot reference frame (W&K08-G) (Chandler et al., 2012), which is
based on the Pacific hotspot reference frame by Wessel and Kroenke (2008). Since the plate
kinematic reconstruction by Chandler et al. (2012) is themost recent reconstruction of the LIPs
of the western Pacific, using the same hotspot reference frame facilitates the comparison be-
tween our models.
Relative motion between tectonic plates
Relative motion between two tectonic plates can be reconstructed by a wide variety of geo-
physical and geological data. The initial emplacement latitude ofmagmatic rocks can be calcu-
lated along with the declination. Seafloor spreading anomalies within the oceans allow map-
ping the position of the spreading axis between two tectonic plates at a specific time. Magnetic
anomaly data, along with their identification and interpretation can be obtained via themarine
magnetic database (Seton et al., 2014). By matching of magnetic anomalies areas of the same
age and therefore the same time of emplacement along a mid oceanic ridge are connected.
Other seafloor features such as fracture zones (Matthews et al., 2011) can help tracing platemo-
tion. "GPlates" allows the user to chose a point on a plate and trace its motion path throughout
the reconstruction. I used this feature to track fracture zones and hotspot tracks.
Themotion of plates can be expressed as the rotation of the plate around an axis with a specific
angle (Euler’s Displacement Theorem). Seton et al. (2012) present themost current compilation
of global rotation poles integrated into a worldwide plate kinematic reconstruction. The mo-
tion of tectonic plates is based on a tree-like hierarchy system within "GPlates". At the top of
the hierarchy is the anchored plate, which can be chosen individually regarding the specific re-
search question at hand. All following plates move at a relative rotation to the anchored plate
or a plate of higher rank (Fig. 3.8).The anchored plate is most commonly either the hotspot
reference frame or the African craton (Fig. 3.8). Since the Pacific Ocean is decoupled from
the African continent before the opening of the Bellingshausen Sea (e.g.Doubrovine and Stein-
berger, 2012;Doubrovine and Tarduno, 2008; Seton et al., 2012), I choose to use the Pacific Plate
as the anchored plate in my models.
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Figure 3.8: Example for rotation hierarchy based on the tectonic plates of highest rank from Seton et al.
(2012) and their Plate IDs. Arrows indicate a relative motion of the lower plate to the up-
per plate (e.g. Australia (801) moves relative to Antarctica (802), which moves relative to
Africa(701))
Dating and age constraints
After establishing the motion between the different plates it is equally important to constrain
the time frame, inwhich themotion tookplace. Themost recent geological time scale basedon
magnetic field reversals has beenpublishedbyGee andKent (2007). Magnetic anomalies of the
seafloor can be related to the described magnetic pole reversals and therefore provide a time
frame for the tectonic movement. Since magnetic field reversals are absent within the Creta-
ceous Normal Superchron (CNS) - the main time frame of the presented study - the seafloor
anomalies cannot be used for the reconstruction. During this time Granot et al. (2012) identi-
fied undulations of the magnetic field offshore northern Africa. Between 110 and 100Ma, the
magnetic field became highly fluctuating. The variability subdued between 90Ma and 83 Ma.
Therefore the CNS can be subdivided in three time periods. This rough estimation may give
a better insight into the plate tectonic behavior regarding spreading rates at the mid-oceanic
spreading centers, for example. Unfortunately such undulations were not observed within the
Pacific Ocean due to the high magmatic activity in the area. Another option to date plate mo-
tion is by identifying sudden reorientations (kinks) within fracture zones (Matthews et al., 2012).
Dated rock samples from the oceanic crust are rare, but allow the relatively precise identifica-
tion of emplacement age of the crust. Additional to the dated samples I used major tectonic
events such as the collision of the Hikurangi Plateau and the Chatham Rise (Davy, 2014), as a
time constraint.
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Boundaries of tectonic plates and their interaction
Tectonic plates are changing their appearance and especially their boundaries over geological
timescales. Therefore, it is important to let the plates to grow due to spreading or rifting and
shrink due to subduction or collision. "GPlates" uses continuously closed boundaries (Gurnis
et al., 2012), which allows the user to produce a plate kinematic reconstruction without gaps or
unwanted overlaps between the plates. I used this feature for oceanic plates throughout the
reconstruction, which allows the changeover between different plate boundaries for example
from a subducting margin at the Chatham Rise offshore New Zealand to a passive margin (e.g.
Davy, 2014). Continental cratons and areas of overthickened oceanic crust such as LIPs can be
incorporated into continuously closing plates or even deform for example due to extension as
a individual closing plate.
3.4.2 Calculation of new rotation poles for the western Pacific
Theplatemotionof thewesternPacific during theCNS is difficult to constrain, since paleomag-
netic reversals are absent. The motion of the plates along with the timing has to be achieved
Figure 3.9: Workflow of plate kinematic reconstructions of the western Pacific using "GPlates"
by other means thanmagnetic polarity reversals. Fig. 3.9 illustrates the used data sets and fur-
ther constraints included into the model. To allow a full comparability and seamless transition
from the updated rotation poles between 125 Ma and 80 Ma, the rotation poles published by
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Seton et al. (2012) were used for the surrounding plates as well as the updated rotation poles
for the separation between Zealandia and Marie Byrd Land (Wobbe et al., 2012). After includ-
ing all available age constraints, I also included tectonic concepts (e.g. Davy, 2014;Worthington
et al., 2006), which have previously not been modeled from the kinematic point of view. The
most important addition to the current model of the western Pacific, is the detailed analysis
of the break-up of the "Super"-LIP Ontong Java Nui which revealed multiple microplates and
multiple short-lived spreading centers. During the modeling the different rotation parame-
ters were changed interactively in "GPlates". The development of a satisfying model includes
several iterations to re-evaluate and compare the producedmodel to the geological evidence.
For example, I traced the plate motion and plate velocity along spreading centers throughout
themodels time frame and compared the outcome of themodel to fracture zones. Spreading
rates were compared to literature values and the seafloor fabric.
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4 Contributions to scientific journals
During my dissertation, I prepared three manuscripts as first author, which are presented in
Chapters 5 to 7.
Multiphasemagmatic and tectonic evolutionof a Large IgneousProvince
- evidence from the crustal structure of the Manihiki Plateau, western
Pacific
K.Hochmuth1, K. Gohl1, G. Uenzelmann-Neben1 and R. Werner2
1Alfred-Wegner Institut Helmholtz-Zentrum für Polar- und Meeresforschung
2GEOMAR Helmholtz-Zentrum für Ozeanforschung
The manuscript is currently in revision at the Geophysical Journal International.
In this paper, the crustal structure of the two main sub-provinces of the Manihiki Plateau is
revealed for the first time based on the newly acquired geophysical data. The data shows sig-
nificant differences between the High Plateau and the Western Plateaus, which lead to the
conclusion that secondary volcanism was of lower volume at the Western Plateaus and the
crust was severely stretched by the break-up of Ontong Java Nui.
I calculated the P-wave, S-wave and densitymodels, prepared all figures andwrote themanu-
script. K. Gohl supervised the work and was the leader of the OBS-Team during So-224. G.
Uenzelmann-NebenwasChief Scientist onSo-224, leads theAWI-portionof theprojectMANI-
HIKI II, supervised the processing of the seismic reflection data and processed parts of the seis-
mic reflection data. R. Werner was Chief Scientist on So-225, as well as the main coordinator
of the project MANIHIKI II. He assisted with the petrological interpretation of the data. All au-
thors revised the manuscript and contributed to the discussion.
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Playing jigsaw with Large Igneous Provinces - a plate tectonic recon-
struction of Ontong Java Nui
K. Hochmuth1, K. Gohl1 and G. Uenzelmann-Neben1
1Alfred-Wegner Institut Helmholtz-Zentrum für Polar- und Meeresforschung
The manuscript has been published with Geochemistry, Geophysics, Geosystems in 2015.
Themargins of theManihiki Plateauprovide valuable informationon thebreak-upof the "Super"-
LIP Ontong Java Nui. After reevaluating the different margins of the LIPs of Ontong Java Nui
and tracing the seafloor fabric emplaced during the CNS, the plate motion was reconstructed.
The interaction between the arriving plumeand thePacific-Phoenix ridge explains the different
crustal thicknesses of the LIPs. My updated rotation parameters of the western Pacific include
the break-up scenario of Ontong Java Nui and previously suggested concepts, which have not
been included in the calculation of the plate motion before, such as the rotation of the Hiku-
rangi and Ontong Java Plateaus.
I re-evaluated the available data for the different margin types, mapped the seafloor features
used in the reconstruction, executed the plate kinematic reconstruction in "GPlates" and pre-
pared themanuscript. K. Gohl supervised the work and was the leader of the OBS team during
So-224. G. Uenzelmann-Neben was Chief scientist on So-224 and supervised the processing
of the reflection seismic data. All authors revised the manuscript and contributed to the dis-
cussion.
From the western Pacific to the Andes and Antarctica: The Manihiki
Plateau on the move
K. Hochmuth1 and K. Gohl1
1Alfred-Wegner Institut Helmholtz-Zentrum für Polar- und Meeresforschung
The manuscript is currently under review with Earth and Planetary Science Letters.
This manuscript traces the plate motion of the northeastern and eastern fragments of the
Manihiki Plateau based on the plate kinematic reconstruction of the break-up of Ontong Java
Nui. The fragments were incorporated into the Farallon Plate and the Phoenix Plate, respec-
tively. By careful analysis of the projected collision areas of the fragments, the northern Andes
and the Bellingshausen Sea, possible remnants of the LIPs are identified and their impact on
the plate tectonic framework is assessed.
I executed the plate kinematic reconstruction in "GPlates", calculated the rotation poles for the
LIP fragments and researched the literature on the structure of the possible areas of subduc-
tion. I wrote the manuscript and designed all figures. K. Gohl supervised the work, contributed
to the discussion and revised the manuscript.
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5 Multiphasemagmatic and tectonic evo-
lution of a Large Igneous Province -
evidence fromthe crustal structureof
the Manihiki Plateau, western Pacific
K.Hochmuth1, K. Gohl1, G. Uenzelmann-Neben1 and R. Werner2
1Alfred-Wegner Institut Helmholtz-Zentrum für Polar- undMeeresforschung, 2GEOMARHelmholtz-
Zentrum für Ozeanforschung
Abstract
The Manihiki Plateau, a Large Igneous Province (LIP) in the western Pacific, has been proposed
to be emplaced as part of the “Greater Ontong Java Event” during the early Cretaceous. Shortly
after its formation, theManihiki Plateau fragmented intomultiple sub-provinces. Plate tectonic
reconstructions ignore this fragmentation, treating theManihiki Plateau as a single crustal block.
By analysing two seismic refraction/wide-angle reflectionprofiles crossing the two largest sub-
provinces of the Manihiki Plateau, we provide new insight into their deep crustal structure
and magmatic evolution. Our data indicate that the High Plateau and the Western Plateaus
were emplaced as a single unit during an initial phase of massive magmatic activity, but later
magmatic stages altered the individual sub-provinces considerably. The High Plateau has a
crustal thickness of 20 km and its P-wave velocity distribution is comparable to previously
surveyed oceanic LIPs. Strong secondary magmatic phases are visible by eruptive centres and
formermagmatic pathways in themiddle and lower crust. TheWestern Plateaus, which have a
crustal thickness decreasing gradually from 17.3 km (East) to 9.2 km (West), experienced smaller
amounts of magmatismmainly along fault zones and on local seamounts. Therefore, we pro-
pose a distinct development of the twomain sub-provinces of the Manihiki Plateau after their
initial joint emplacement. The High Plateau experienced voluminous multi-phase magmatic
accretion and extrusion, whereas the thinner Western Plateaus exhibit only relatively minor
magmatic growth. Such a large difference in the evolution process has not been reported from
any other oceanic LIP so far.
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Large Igneous Provinces (LIP) are large (>0.1 x 106 km2) marine and terrestrial areas overprinted
by massive volcanic activity (Ai et al., 2008; Bryan and Ernst, 2008; Coffin and Eldholm, 1994;
Schlanger et al., 1976; Simoneit et al., 2014). LIPs have a great impact on the environment during
and after their emplacement, for instance by the release of greenhouse gases during massive
volcanism (Wignall, 2001) or their role in platemotion by thickening of oceanic crust (Bryan and
Ernst, 2008; Miura et al., 2004). The emplacement of LIPs can for instance be linked to mul-
tiple global mass extinction events (Bryan and Ernst, 2008; Coffin and Eldholm, 1994; Courtillot
et al., 1999; Larson and Erba, 1999; Wignall, 2001). LIPs are the result of massive magmatism
occurring during a relatively short time period (1-5M.y.) resulting in an anomalously thickmafic
crust (Bryan and Ernst, 2008;Coffin and Eldholm, 1993, 1994;Wignall, 2001).This firstmagmatic
stage of a LIP event is characterized by the emplacement of approximately 75% of its igneous
volume (Bryan and Ernst, 2008; Bryan and Ferrari, 2013; Karlstrom and Richards, 2011; Miura
et al., 2004). Later magmatic stages can be summarized as secondary magmatism and show
longer emplacement periods as well as smaller emplacement rates. The crustal structure of
oceanic LIPs commonly consists of a lower crustal layer with high seismic P-wave velocities
(> 7.3 km/s), mafic intrusions in the middle crust, and volcanic flow units in the uppermost
crust (Coffin and Eldholm, 1994; Ridley and Richards, 2010). In previous publications, the for-
mation of LIPs on continents and oceans was explained by the impact of amushroom-shaped
plume head at the base of the lithosphere, leading to widespread magmatism (Morgan, 1971;
White and McKenzie, 1995). But this scenario has been debated, since this plume head model
cannot explain all characteristics of oceanic LIPs (Bryan and Ernst, 2008; Coffin et al., 2002,
2006; Courtillot et al., 1999; Korenaga, 2005; Larson and Erba, 1999;McNutt, 2006). TheMani-
hiki Plateau, located in the western central Pacific, is a LIP with different characteristics within
its sub-provinces such as a laterally heterogeneous crustal character. In this paper, we try to
unravel the relationship between the two largest sub-provinces of the Manihiki Plateau, the
WesternPlateaus and theHighPlateau, which are separatedby theDanger Islands Troughs. Did
both sub-provinces experience the same magmatic history? The fragmentation of the Mani-
hiki Plateau poses the question, whether distinct phases of magmatic or tectonic processes
led to the fragmentation of the Manihiki Plateau and which role the Danger Islands Troughs
played in this scenario. By processing, modeling and interpreting recently acquired seismic
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refraction/wide-angle reflection data; the deep crustal structure of both sub-provinces is re-
vealed and interpreted for the first time.
5.2 Geological background
The formation of the Manihiki Plateau took place during the early Cretaceous (124-120 Ma)
(Clague, 1976; Ingle et al., 2007; Timm et al., 2011) as centerpiece of the “Super-LIP” Ontong
Java Nui according to Taylor (2006) and Chandler et al. (2012, 2013). This giant LIP covered
more than 1% of Earth’s surface (Bryan and Ferrari, 2013; Coffin and Eldholm, 1993; Ingle et al.,
2007; Timmet al., 2011;Wignall, 2001) and consisted of theOntong Java Plateau, theHikurangi
Plateau and theManihiki Plateau (Fig. 5.1 (inlet)) aswell as presumedmultiple smaller fragments
to the northeast and east of theManihiki Plateau , which have possibly been subducted (Larson
et al., 2002; Viso et al., 2005) or accreted such as the Malaita terranes (Musgrave, 2013).
We refer to today’s Manihiki Plateau and the proposed northeastern and eastern fragment as
“GreaterManihiki Plateau” in thismanuscript. Theplate tectonic reconstructions ofOntong Java
Nui are still under debate, especially the fit between the Ontong Java Plateau and the Mani-
hiki Plateau, as the spreading mechanisms of the Ellice Basin between the plateaus remain
speculative (Chandler et al., 2012; Taylor, 2006). The coupled emplacement of the Hikurangi
Plateau and the Manihiki Plateau appears much more certain, because the Osbourn Trough
can be identified as the former spreading center separating the two plateaus (Billen and Stock,
2000; Downey et al., 2007;Worthington et al., 2006). The break-up of Ontong Java Nui took
place shortly after its emplacement, since secondarymagmatism, which can be related to later
magmatic phases with small eruption rates and mainly seamount volcanism, shows different
petrological and geochemical characteristics on the three remaining plateaus (Hoernle et al.,
2010; Timm et al., 2011). This led to the conclusion, that after the coupled emplacement of
the plateaus, the multiple stages of secondary magmatism were supplied by different mantle
sources. Seafloor spreading was established possibly around 118 Ma in Ellice Basin (Ontong
Java – Manihiki) (Chandler et al., 2012) and at the Osbourn Trough (Hikurangi – Manihiki) (Wor-
thington et al., 2006). The onset and the duration of seafloor-spreading at both locations is
difficult to date, since the complete activity of those spreading-centres has occurredwithin the
Cretaceous Normal Superchron. Therefore, no magnetic seafloor-spreading anomalies can be
traced, and smaller changes in the magnetic field cannot be observed due to the severe mag-
matic overprinting (Billen and Stock, 2000).
TheManihiki Plateau itself experienced fragmentation into three sub-provinces, theHighPlateau,
the Western Plateaus and the North Plateau (Winterer et al., 1974) (Fig. 5.1). Further significant
features of the Manihiki Plateau are the Danger Islands Troughs, which are created by rifting
and/or transform forces separating the High Plateau from theWestern Plateaus (Larson, 1997;
Mahoney and Spencer, 1991; Nakanishi et al., 2015; Winterer et al., 1974), the Suvarov Through,
and the Manihiki Scarp, a former shear zone at the eastern part of the plateau (Larson et al.,
2002). Hussong et al. (1979) published first estimates on the crustal structure of the Mani-
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Figure 5.1: Bathymetric map (30 arc-second grid GEBCO 2014 (Weatherall et al., 2015)) of the central
western Pacific, seismic refraction/wide-angle reflection lines of cruise SO-224 are shown in
red, seismic reflection lines of SO-224 are shown in grey. Yellow stars depict the positions of
the OBS-stations. The black stars are stations, which did not return any data. The borehole
DSDP Leg 31 Site 317 is marked by the orange star. In the inlet map the three main compo-
nents of theOntong Java Nui related LIPs are shown at their current position (Ontong Java (O.
J.), Hikurangi (H.) and Manihiki (M.)). The green lines indicate the former spreading centres of
the Osbourn Trough (O.T.) and the Ellice Basin (E.B.). The dark green box indicates the study
area shown in the larger map.
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hiki Plateau. However, their experiment, using seismic sonobuoy data, did not provide data of
the lower crustal layers or the upper mantle, but it was inferred that the crust of the Manihiki
Plateau was 3.1 times thicker than average oceanic crust and that it showed similar features as
described for the crust of the Ontong Java Plateau (Hussong et al., 1979). The upper basement
and the sedimentary cover of the Manihiki Plateau has been studied from samples collected
bymultiple dredges (Beiersdorf et al., 1995a; Clague, 1976;Hoernle et al., 2010; Ingle et al., 2007;
Schlanger et al., 1976; Timm et al., 2011;Werner et al., 2013) and short sediment cores. Drilling at
Deep Sea Drilling Project (DSDP) Leg 33 Site 317 (Fig. 5.1) reached a basaltic layer in a depth of
910mbelow seafloor (Schlanger et al., 1976). 40Ar/39Ar dated tholeiitic basement basalts of the
Manihiki Plateau reveal a mean age of 124.6 ± 1.6 Ma (Timm et al., 2011). Lava drilled at DSDP
Site 317 of theHigh Plateau exhibit an age of 117Ma (Hoernle et al., 2010). In theDanger Islands
Troughs, tholeiitic basalts (40Ar/39Ar of 117.9 ± 3.5Ma) with an unusual composition are present,
as well as alkalic basalts possibly related to later volcanic stages of a different or alteredmantle
source (40Ar/39Ar age of 99.5 ± 0.7 Ma) (Ingle et al., 2007). Later stages of episodic volcanism
on the Manihiki Plateau are manifested by multiple seamounts and basaltic flow units on the
High Plateau (Beiersdorf et al., 1995b; Coulbourn and Hill, 1991) and seamounts on the margins
of the Western Plateau (Hoernle et al., 2009; Sandwell et al., 2014; Werner and Hauff, 2007).
Seismic reflection data of theHigh Plateau image several volcaniclastic layers in the lower sed-
imentary sequences (Ai et al., 2008; Schlanger et al., 1976; Winterer et al., 1974), pointing to a
shallow or subaerial environment during the secondary phases of magmatism (Ai et al., 2008;
Schlanger et al., 1976; Simoneit et al., 2014). Pietsch and Uenzelmann-Neben (submitted) addi-
tionally identify magmatic events occurring within younger strata (< 45 Ma), inferring that the
Manihiki Plateau experienced a period ofmagmatic reactivation, possible due to the overriding
overmultiple hotspots. In this paper, we use the term initial or first magmatic phase for the ini-
tial emplacement of theManihiki Plateau (>120Ma). The secondarymagmatic stages comprise
multiple episodic magmatic activities younger than 120 Ma, which occurred during and after
the proposed break-up of Ontong Java Nui. It is important to note, that most of the publica-
tions have focused on theHigh Plateau alongwith theDanger Islands Troughs and theManihiki
Scarp. Other areas of the Manihiki Plateau, such as the basement of theWestern Plateaus, are
poorly sampled and therefore the evolution of the different sub-provinces and their magmatic
and tectonic relationship to the other parts of the plateau is still poorly understood. Although
satellite-derived gravity anomaly maps (Sandwell et al., 2014) indicate different crustal struc-
tures of the sub-provinces, plate tectonic reconstructions of the Cretaceous western Pacific
(e.g. Chandler et al., 2012, 2013; Davy et al., 2008; Musgrave, 2013; Taylor, 2006) treat the
Manihiki Plateau as a single tectonic block and disregard its different sub-provinces and there-
fore possible indications for the nature of the break-up of the “Super”-LIP.
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5.3 Data acquisition, processing, and modeling parameterization
5.3.1 Data acquisition
During RV Sonne cruise SO-224 in 2012 (Uenzelmann-Neben, 2012), the AlfredWegener Insti-
tute (AWI) collected two deep crustal seismic refraction/wide-angle reflection lines (Fig. 5.1),
crossing the two main sub-provinces of the Manihiki Plateau: the Western Plateaus (AWI-
20120100) and the High Plateau (AWI-20120200). Both seismic lines consisted of 28 ocean-
bottom seismometer (OBS) and 5 ocean-bottom hydrophone (OBH) stations spread out over
500 km long profiles each. TheOBS stationswere equippedwith a 3-component (4.5 s natural
period) seismometer and a hydrophone. OBH stationswere only equippedwith a hydrophone.
Station spacing varied between a constant 14.1 kmonAWI-20120100and 10.9 km (at themar-
gins) to 24.1 km (on the High Plateau) on AWI-20120200 to ensure better ray-coverage at the
plateaumargins. An array of 8 G-GunsTM (type 520) with a total volume of 68 litres (4160 in3)
was used as a seismic source. The G-GunsTM were towed in four clusters of two guns each at
10mwater-depth and fired at nominally 200 bar operating pressure every full minute. During
the acquisition, multichannel seismic reflection data was also recorded with a 3000 m long
digital solid streamer (Sercel SentinelTM ) of 240 channels. In addition to the seismic exper-
iments, multibeam bathymetry data were collected throughout the cruise with a Kongsberg
Simrad EM120, which is permanently installed on RV Sonne.
5.3.2 Processing and modeling of seismic refraction/wide-angle reflection data
The OBS/OBH field data were merged with navigation data and converted to SEGY-format.
After relocalization of the OBS positions using the direct-wave arrivals, the application of a
bandpass filter (6-15 Hz), all refracted and reflected arrival phases were picked with the soft-
ware "ZP" (Zelt, 2004). We assigned picking individual uncertainties to the individual picks
taking the signal-to-noise-ratio into account (Zelt, 2004). The picking uncertainties range be-
tween0.075and0.25swith amedianpicking uncertainty of0.1s. P-wave andS-wavevelocity-
depthmodeling was carried out using the forwardmodeling software "Rayinvr" (Zelt and Smith,
1992) and its graphical interface "PRay" (Fromm, 2012). We used bathymetric and seismic re-
flection records obtained during the cruise (Uenzelmann-Neben, 2012), in order to constrain
modeling parameters for the seafloor and the thickness of the sedimentary cover. The con-
version from two-way travel times of the seismic reflection records to the actual depths below
seafloor was carried out with the velocity field established by velocity analysis (Pietsch and
Uenzelmann-Neben, 2015). The layer boundaries and model coordinates of the velocity nodes
established by the P-wavemodel were used for S-wavemodeling to ensure comparablemod-
els and allow the calculation of the Poisson’s ratio. The set-up of the initial model included the
following constraints: the topography of the seafloor, the thickness of the sedimentary column
and the crustal structure previously published by Hussong et al. (1979) and that derived from
1D-Profiles at our OBS/OBH-stations.
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Table 5.1: Depth uncertainties within the intracrustal
reflectors in km
Refracted and reflected phases in the P-
and S-wave models are named respec-
tively to their corresponding layer Player
and PlayerP/ Slayer and SlayerS. Reflected
phases always represent the reflection at
the base of the layer. Mantle phases are
called Pn/Sn for the refracted phase and
PmP/SmS for the reflection at the crust-
mantle boundary (Moho). We observed
three distinct groups of crustal phases
(Puc/Suc (upper crust), Pmc/Smc (middle crust), Plc/Slc (lower crust)) on the Western Plateaus
(Fig. 5.2, Fig. 5.3) and four distinct groups of crustal phases (Puc/Suc (upper crust), Pumc/Sumc
(upper-middle crust), Plmc/Slmc (lower-middle crust), Plc/Slc (lower crust)) on theHigh Plateau
(Fig. 5.4, Fig. 5.5). The resolution of the S-wave velocitymodels is generally lower than the res-
olution of the presented P-wave velocity models. Unfortunately, only little to no information
on the S-wave velocity distribution was returned from the lower crust and the mantle. We as-
sessed the uncertainty of layer boundaries of the intercrustal reflections (Tab. 5.1). The depth
uncertainties of the individual layers range between0.4 and0.8 km,with the largest uncertain-
ties for the Moho depths. This is well in the uncertainty range given by the ray-tracingmethod.
The Poisson’s ratio can contribute further parameters on the composition of the crust (Chris-
tensen, 1996). For example, alteration processes such as serpentinization or the distribution
of predominantly mafic and felsic rocks can be constrained. We calculated the Poisson’s ratio
for every velocity node of the P- and S-wave models and gridded their distribution. Since the
S-wave model has a sparser resolution than the P-wave model, it limits the resolution of the
Poisson’s ratio model. For AWI-20120100, the calculated Poisson’s ratio is not presented due
to the poor resolution of this profile.
5.3.3 Modeling of gravity data
As shipborne gravity data were not collected, we relied on free-air gravity anomaly records
extracted from the global satellite-derived gravity anomaly grid by Sandwell and Smith (1997
(V.23)) with values extracted along our seismic profiles. In a starting model using the forward
modeling software IGMAS (Götze et al., 2002), we incorporated the layer boundaries of the
P-wave velocity-depth model and converted the P-wave velocities to rock densities using the
relationships by Hamilton (1978) and Barton (1986). We assigned rock densities to P-wave
velocity clusters representing the different crustal layers of the P-wave velocity models (Tab.
5.2). As this 2-D approach turned out to be affected by large-amplitude anomaly features
offline, a perfect fit could not be achieved by retaining realistic model parameters such as the
seafloor topography. In several iterations, the model parameters were altered to generate a
best fit to the observed gravity anomalies and the P- and S-wave models.
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Layer AWI-20120100 AWI-20120200
sediments 2050 2050
low velocity upper crust 2400 not present
upper crust 2650 2800
upper middle crust 2800 2900
middle crust 2900 not present
lower middle crust 2950 2950
lower crust 3130 3150
mantle 3300 3300
Table 5.2: Rock densities [kg/m3] Barton (1986); Hamilton (1978) used for specific layers in the gravity
anomaly model
5.4 Results of data analysis and modeling
5.4.1 Bathymetric and sedimentary features
The two seismic refraction/wide-angle reflection profiles allow a comparison of the two main
provinces of the Manihiki Plateau. Profile AWI-20120100 crosses the Western Plateaus from
the northwest to the southeast (Fig. 5.1). The water depth ranges from 4800m in the Tokelau
Basin to 3800 m on the Western Plateaus. The deepest areas of the profile are the Danger
Islands Troughs with a maximum depth of 4900 m. A small part of the westernmost High
Plateau is also covered by the eastern part of this profile. Bathymetric and seismic reflec-
tion data reveal a rough seafloor topography with multiple faults and graben systems along
with local seamounts (Fig. 5.6). Sedimentary cover is mainly restricted to the basins between
the numerous basement highs (Uenzelmann-Neben, 2012; Winterer et al., 1974). Profile AWI-
20120200 images the High Plateau of the Manihiki Plateau in a west to east section (Fig. 5.1).
The water depth ranges from 5100 m in the Samoan Basin and Penrhyn Basin to a mean
depth of the High Plateau of 2500m with a relatively smooth seafloor. The Manihiki Scarp in
the east and themargin towards the Samoan Basin in the west form sharp flanks bordering the
sub-province. Seismic reflection data reveal an approximately 800m thick sedimentary cover
and several basement highs on the central plateau. Sedimentation appears to be restricted to
pockets and small basins between basement highs on themargins of theHigh Plateau (Ai et al.,
2008; Beiersdorf et al., 1995b;Winterer et al., 1974).
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Figure 5.2: Data examples for P-wave arrivals (AWI-20120100) at a) st16 representing the central
Western Plateaus and b) st32 representing the Danger Islands Troughs area
Figure 5.3: Data examples for S-wave arrivals (AWI-20120100) at a) st08 representing thewest-
ern part of theWestern Plateaus and b) st32 representing the Danger Islands Troughs
area
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Figure 5.4: Data examples for P-wave arrivals (AWI-20120200) at a) st18 representing the cen-
tral High Plateau and b) st29 representing the Manihiki Scarp area
Figure 5.5: Data examples for S-wave arrivals (AWI-20120200) at a) st08 representing the
western margin of the High Plateau and b) st19 representing the central High Plateau
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5.4.2 Upper crustal layers
The upper crustal layer of theWestern Plateaus and theHigh Plateau include the acoustic base-
ment of the seismic reflection data and are represented by the refracted phases (Puc/Suc) and
constrained by the wide-angle reflections at the upper layer boundary PsP and PucP at the
base of the layer (Figs. 5.2, 5.3, 5.4 and 5.5).
Figure 5.6: Seismic reflection data from AWI-20120100 between
OBS-station 11 and OBS-station 13, the blue lines indi-
cate fault systems; the yellow reflector indicates the top
of basalt. The faultswere identified in an enlarged section.
On theWesternPlateaus, the
upper crust is characterized
by a rough basement topog-
raphy and a widely variable
velocity field. The western
50 km of the profile consist
of an upper crustal layer with
P-wave velocities between
5.2 and 5.5 km/s (Fig. 5.7).
Between 50 kmand 300 km
profile distance, P-wave ve-
locities decrease to 4.5 km/s
with small patches of lower
velocities (3.8 km/s). It is
important to note that due
to the malfunction of two
neighbouring stations (st19,
st20) the ray coverage is not ideal in this area. Between 300 and 370 km profile distance,
unusual low velocities ranging from 3.0 to 4.3 km/s are present. S-wave velocities show a
block-like structure (Fig. 5.8) rather than a continuous change. From 0 to 100 km, S-wave
velocities range from 2.9 to 3.2 km/s. Velocities decrease to 2.5 to 2.8 km/s between st8 and
st12 (110 km to 170 km). From 180 km to 250 km profile distance, S-wave velocities from 2.9
to 3.3 km/s are common. This block is followed by an area of unusual high S-wave velocities,
which corresponds to higher velocities in themiddle crust (3.7 to 4.3 km/s). TheDanger Islands
Troughs area lacks a visible upper crust (Figs. 5.2b and 5.7).
The High Plateau shows higher andmore homogenous P-wave velocities between 4.7 and
5.6 km/s (Figs. 5.4 and5.9) andS-wave velocities between2.7 and3.2 km/s (Figs. 5.5 and5.10).
Several extrusive and intrusive magmatic features can be identified in the seismic reflection
data (Pietsch and Uenzelmann-Neben, 2015). Those magmatic centres can be connected to
areas of higher P-wave velocities (e.g. at st21) in the P-wave velocity model.
The upper crust of the surrounding ocean basins close to the margins of the Manihiki Plateau,
the Penrhyn Basin and the Samoan Basin show P-wave velocities between 5.2 and 5.8 km/s
(Fig. 5.9). S-wave velocities range from 3.3 km/s in the Samoan Basin to 2.9 km/s in the
Penrhyn Basin (Fig. 5.10). Whereas the Samoan Basin shows Poisson’s ratio values of around
0.25, which can be related to basalt (Christensen, 1996), the Penrhyn Basin on the other hand
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Figure 5.7: P-wave velocity model of AWI-20120100; the grey transparent areas are not covered by
rays. White layer boundaries are constraint by wide-angle reflections. The location of OBS
stations is indicated with the yellow (functioning station) and black (malfunctioning station)
stars. The resolution calculated for the velocity nodes is shown in the lower right corner. The
RMS-value of this model is 0.189 and the χ2 is 1.552. The vertical exaggeration is 7:1.
shows high Poisson’s ratio values of over 0.30 (Fig. 5.11), which is typical for basalts and partly
serpentinized basalts in the uppermost crust.
5.4.3 Middle crustal layers
Themiddle crustal layers of theManihiki Plateau consist of two layers (Pumc/ Sumc fromupper-
middle crust and Plmc/ Slmc from lower-middle crust) on the High Plateau (Figs. 5.4 and 5.5)
and one layer on theWestern Plateaus (Pmc/Smc) (Figs. 5.4 and 5.5). On theWestern Plateaus,
the P-wave velocity structure of themiddle crust is homogeneous and ranges between 5.8 and
6.8 km/s (Fig. 5.7). In between the ridge-like structures at 230 and 270 km profile distance,
the upper crustal layer is absent and the top of themiddle crustal layer represents the acoustic
basement. This feature is also present in the gravity anomaly model (Fig. 5.12). The S-wave
velocity model shows more variation in the middle crust, with values ranging from 3.6 to 4.0
km/s in the west to very high S-wave velocities of up to 4.3 km/s at st22 (Fig. 5.8). S-wave
velocities decrease to 3.8 to 4.0 km/s towards the Danger Islands Troughs. Themiddle crust is
present at the Danger Islands Troughs. East of the troughs, the middle crust is divided into two
separate crustal layers, the upper-middle crust and the lower-middle crust (Figs. 5.2b and 5.7).
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Figure 5.8: S-wave velocity model of AWI-20120100; the grey transparent areas are not covered by
rays. The locations of OBS stations are indicated with the yellow (functioning station) and
black (malfunctioning station) stars. The resolution calculated for the velocity nodes is shown
in the lower right corner. The RMS-value of this model is 0.280 and the χ2 is 2.751. The
vertical exaggeration is 7:1.
The upper-middle crust shows P-wave velocities between 5.4 and 6.4 km/s (Fig. 5.7) and S-
wave velocities between 3.0 and 3.6 km/s (Fig. 5.8). This crustal layer is thicker in the western
part of the High Plateau. The lower-middle crust presents relatively high P-wave velocities (6.7
to 6.9 km/s) and S-wave velocities between 4.0 and 4.3 km/s (Figs. 5.9 and 5.10). The lower-
middle crustal layer crops out at the seafloor at the Manihiki Scarp. Here, S-wave velocities
up to 4.65 km/s are present. The Poisson’s ratio shows three distinct areas of higher values (>
0.26) below the central plateau (Fig. 5.11). Those can be connected to areas of higher P-wave
velocities and therefore the magmatic structures within the upper crust. Middle crustal layers
are not present in the adjacent oceanic basins.
5.4.4 Lower crustal layers
The lower crust ofmost LIPs consists of a zone of high P-wave velocities (>7.3 km/s), a so called
high-velocity zone (HVZ) (Coffin and Eldholm, 1994; Ridley and Richards, 2010). On theManihiki
Plateau, we observe this HVZ on both sub-provinces within the lower crust (Plc/Slc). The HVZ
is also present in the lower crust of the Tokelau Basin and extends into the Samoan Basin. At
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Figure 5.9: P-wave velocity model of AWI-20120200; the grey transparent areas are not covered by
rays. White layer boundaries are constrained by wide-angle reflections. The locations of
OBS stations are indicated with the yellow (functioning station) and black (malfunctioning
station) stars. The resolution calculated for the velocity nodes is shown in the lower right
corner. The RMS-value of this model is 0.186 and the χ2 is 1.674. The vertical exaggeration
is 7:1.
the Manihiki Scarp, the HVZ terminates abruptly. P-wave velocities range between 6.8 and
7.8 km/s on the Western Plateaus (Fig. 5.7) and 7.0 to 7.8 km/s on the High Plateau (Fig. 5.9).
The ray-coverage of S-waves is poor on the High Plateau and only a few interpretable signals
were returned for the lower crust of the Western Plateaus. S-wave velocities range between
4.1 and 4.3 km/s on theWestern Plateaus (Fig. 5.8). At the westernmargin of the High Plateau,
S-wave velocities reach 4.4 km/s and at the Manihiki Scarp values of 4.7 km/s are present (Fig.
5.10).
5.4.5 Crust-mantle boundary and mantle
The boundary between the crystalline crust and the mantle (Moho) can be constrained by re-
fracted phases from the uppermost mantle (Pn) as well as reflections at the Moho itself (PmP)
(Figs. 5.2 and 5.7). On the High Plateau, the Moho is visible in the data throughout the central
plateau at a depth of 20 km below the seafloor (Figs. 5.9 and 5.13). In the Samoan Basin and
the Penrhyn Basin the crustal thickness, the combined thickness of the sedimentary column
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Figure 5.10: S-wave velocity model of AWI-20120200; the grey transparent areas are not covered
by rays. The locations of OBS stations are indicated with the yellow (functioning station)
and black (malfunctioning station) stars. The resolution calculated for the velocity nodes is
shown in the lower right corner. The RMS-value of this model is 0.223 and the χ2 is 2.11.
The vertical exaggeration is 7:1.
and the igneous crust, changes rather abruptly to only 5 km. Those depths for the crust-mantle
boundary are also consistent with gravity anomaly modeling (Fig. 5.13). The nature of the up-
per mantle can be inferred from Pn refraction phases. The uppermost mantle shows normal
mantle P-wave velocities of 8.1 km/s. The P-wave velocities of the mantle below theWestern
Plateaus are slightly higher with 8.2 km/s. The crustal thickness of theWestern Plateaus ranges
between 9.3 km in the Tokelau Basin to 17.2 km west of the Danger Islands Troughs (Figs. 5.7
and 5.12).
5.4.6 Two different magmatic and tectonic regimes on the Manihiki Plateau
In general, the crust of theManihiki Plateau is severely faulted at itsmargins and by the troughs
intersecting the plateau (Ai et al., 2008; Pietsch and Uenzelmann-Neben, 2015; Winterer et al.,
1974) likely due to plate-tectonic reorganization of the Pacific Ocean during the Cretaceous
Normal Superchron. In previous works, the Western Plateaus were assumed to be of a similar
structure as theHigh Plateau (Hussong et al., 1979;Viso et al., 2005) due to the lack of data from
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Figure 5.11: Calculated Poisson’s ratio of AWI-20120200; grey shaded areas are not covered by rays in
the S-wave model and therefore cannot return reliable values for the Poisson’s ratio. White
dashed lines indicate areas of higher Poisson’s ratio. The locations of OBS stations are in-
dicated with the yellow (functioning station) and black (malfunctioning station) stars. The
vertical exaggeration is 7:1.
deep crustal layers. By interpreting our P- and S-wave velocity and gravity models along with
the Poisson’s ratio model, the crustal structure of the different sub-provinces as well as their
individual margins and adjacent ocean basins can be further constrained. Both sub-provinces
exhibit a HVZ in the lower crust. These HVZs with velocities higher than 7.3 km/s are also
common at other oceanic LIPs (Coffin and Eldholm, 1994; Coffin et al., 2006; Richards et al.,
2013; Ridley and Richards, 2010) and can be related to the presence of gabbros as well as the
olivine and pyroxene cumulates (Karlstrom and Richards, 2011; Ridley and Richards, 2010) (Figs.
5.14 and 5.15). The crustal thicknesses of the Western Plateaus and the High Plateau differ.
Whereas the High Plateau shows a constant crustal thickness of 20 km, which is comparable
to other oceanic LIPs such as the Agulhas Plateau and southern Mozambique Ridge (Gohl and
Uenzelmann-Neben, 2001; Gohl et al., 2011; Uenzelmann-Neben et al., 1999) with steep bound-
aries towards the adjacent oceanic basins, the Western Plateaus show a gradual decrease in
the crustal thickness from 17.2 km in the east to 9 km in the west. A clear boundary between
normal oceanic crust in the Tokelau Basin and the oceanic LIP cannot be identified because the
HVZ is still present below the Tokelau Basin.
Themiddle crust of both sub-provinces shows similarities in the P- and S-wave velocity struc-
ture. The middle crust of theWestern Plateaus has a velocity field, which is comparable to the
lower-middle crust of theHigh Plateau. This velocity and density distribution can be associated
with gabbroic intrusions (Christensen, 1996; Coffin and Eldholm, 1994; Richards et al., 2013; Rid-
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CHAPTER 5. CRUSTAL STRUCTURE OF THE MANIHIKI PLATEAU
Figure 5.14: Sketch of geological interpretation of AWI-20120100, black dashed lines indicate fault sys-
tems, the white dashed lines indicate the presence of the HVZ. The vertical exaggeration is
7:1.
ley and Richards, 2010). On the High Plateau, the upper-middle crust shows a slightly different
velocity field and a small decrease in density (Tab. 5.1). Such a transitional layer is not present
in theWestern Plateaus. Additionally, themiddle crust underlying the central High Plateau ex-
hibits three large areas of high Poisson’s ratio, which correspond tomagmatic centres observed
in the seismic reflection data (Fig. 5.11) (Pietsch and Uenzelmann-Neben, 2015). These zones
mark former magmatic pathways towards the seafloor of the High Plateau, possibly during a
later magmatic stage (Fig. 5.15) (Pietsch and Uenzelmann-Neben, 2015). Karlstrom and Richards
(2011) published a model of LIP crustal magma transport, which indicates the formation of in-
dividual upward migrating sills during later stages of magmatic activity. Similar structures as
e.g. magmatic centres and massive basaltic flow units cannot be observed on the Western
Plateaus. The secondary (or late stage) magmatic activity on theWestern Plateaus is restricted
to low volume seamount volcanism and to small volume magmatic activity along fault zones
(Fig. 5.6).
The upper crust of the two sub-provinces differs significantly. The High Plateau consists of
countless volcanic centres, which are partly eroded and covered and interbedded by volcani-
clastic and pelagic sedimentary rocks (Ai et al., 2008; Beiersdorf et al., 1995b). Thus, the upper
crust consists of basaltic flow units as well as subvolcanic intrusions (Karlstrom and Richards,
2011), possibly interlayering each other as a result of themultiple stages of secondarymagma-
tism. Massive fault systems are only present at the margins of the High Plateau (Fig. 5.15) (Ai
et al., 2008; Viso et al., 2005;Winterer et al., 1974). At theManihiki Scarp, deeper crustal layers,
most likely consistent with the lower-middle crust, crop out at the seafloor in multiple ridges.
Based on gravity data, Viso et al. (2005) postulated that the upper crust was serpentinized in
this area. We can further support this assumption by high values in the Possion’s ratio (Fig. 5.11)
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Figure 5.15: Sketch of geological interpretation of AWI-20120200, white arrows indicate areas ofmag-
matic upwelling, black dashed lines indicate fault systems, dashed white lines indicate the
presence of the HVZ. The vertical exaggeration is 7:1.
and lower densities (Fig. 5.13) at the Manihiki Scarp and the Penrhyn Basin and interpret mafic
material, which has been partly serpentinized in this area. The margins towards the Samoan
Basin and the Samoan Basin themselves show basaltic flow units and have no indications for
large-scale serpentinization in this area. Whereas the High Plateau shows clear indications for
multiple magmatic phases within its upper crust, the data from the Western Plateaus present
possible basaltic flow units interlayered withmafic intrusions comparable to the upper crust of
the High Plateau only in the Tokelau Basin.
Reflection seismic data reveal multiple basement highs interlayered by sedimentary basins
and various normal faults (Fig. 5.6). The magmatic activity is limited to low-volume seamount
magmatism and the emplacement of magmatic material along weakened zones such as nu-
merous faults (Fig. 5.6). P- and S-wave modeling, as well as gravity anomaly modeling reveal
the presence of diverse rock types ranging between igneous rocks and sedimentary rocks. It
can be debated whether the upper crust consists of volcaniclasic deposits or even massive
carbonate banks (Grevemeyer et al., 2001). The crust of the Western Plateaus thins step-wise
towards the Tokelau Basin. The thinning of the crust of the Western Plateaus could be due
to its greater distance from the centre of emplacement of the plateau. On the Ontong Java
Plateau, this mode of crustal thinning can be observed at its northern boundaries. The lo-
cal bathymetry indicates a relative smooth and constant lowering towards the oceanic basin,
consistent with basaltic flow patterns (Mochizuki et al., 2005). On the Western Plateaus the
gradual decrease of crustal thickness is stepwise. This could not have been achieved by the
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lack of magmatic material. An alternative model for this reduction of the crustal thickness
could be extensional processes due to tectonic activity. Since the tectonic mechanisms of the
spreading at the Nova Canton Trough and the opening of the Ellice Basin are still debated, a
clear distinction between tectonic thinning and the lack ofmagmaticmaterial cannot be drawn
on the basis of the current data and plate tectonic reconstructions. Volcanic extrusions, e.g. the
occurrence of basaltic flows, can only be interpreted for the Tokelau Basin and are only locally
present on theWestern Plateaus (Fig. 5.14), mainly at alreadyweakened structures along faults.
The southern Western Plateaus are fringed by seamounts which can be related to a phase of
magmatic reactivationwithin the late Cretaceous (Hoernle et al., 2009) and/or < 45Myr, similar
to the islands and prominent seamounts on the High Plateau (Pietsch and Uenzelmann-Neben,
submitted). The Danger Islands Troughs dissect the Manihiki Plateau into the two main sub-
provinces. The troughs are characterized by the absence of typical upper crustal material (Fig.
5.14). The lower crustal layers as well as the crust-mantle boundary show only few relicts of
former tectonic activity such as an updoming of the mantle at this position or a thinning of
the lower crust. In the middle crust, the Danger Islands Troughs mark the distinct change over
between a single layer middle crust on the Western Plateaus and the upper-middle crust and
lower-middle crust of the High Plateau (Figs. 5.2b and 5.14). The thinning of the upper crustal
material and the lack of an updoming of the mantle suggest, that the Danger Islands Troughs
are formed as a series of pull-apart basins. The previously suggested formation as an initial
rift system (Taylor, 2006; Winterer et al., 1974) seems unlikely since upper crustal material is
thinned and fault systems indicate a shearing component (Nakanishi et al., 2015). Additionally
the Danger Islands Troughs seem to separate two areas of the Manihiki Plateaus with different
crustal properties within their upper and middle crust, the magmatically highly active central
High Plateau, which exposes tectonic activity mainly at its margins and the Western Plateaus,
which underwent smaller magmatic alteration and shows a thinning of the crust.
5.5 Discussion: Western Plateaus vs. High Plateau – two different
crustal environments of the Manihiki Plateau
This paper presents the first comprehensive insight into the crustal structure of the two major
sub-provinces of the Manihiki Plateau. The results of our analyses revise earlier models. The
Western Plateaus and the High Plateau of the Manihiki Plateau exhibit similar features, such
as a continuous HVZ within the lower crust, but also show large differences, especially in the
upper crustal layers and the crustal thicknesses.
5.5.1 Comparison with other oceanic LIPs
By comparing the Western Plateaus and the High Plateau with other oceanic LIPs, the crustal
thickness and velocity-depth distribution of the High Plateau resembles those of the Kergue-
len Plateau (Charvis and Operto, 1999), Broken Ridge (Francis and Raitt, 1967), Agulhas Plateau
(Gohl and Uenzelmann-Neben, 2001; Parsiegla et al., 2008) andMozambique Ridge (Gohl et al.,
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2011) (Fig. 5.16). The proportional velocity-depth distribution is also similar to that of the south-
ern Ontong Java Plateau (Miura et al., 2004), but the Ontong Java Plateau exhibits up to twice
the crustal thickness at various locations (Furumoto et al., 1976; Gladczenko et al., 1997; Klosko
et al., 2001; Richardson et al., 2000) A dominant feature of all oceanic LIPs is the HVZ of the
lower crust with P-wave velocities ranging between 7.3 and 7.7 km/s (Fig. 5.16) (Coffin and Eld-
holm, 1994; Ridley and Richards, 2010). Both the Western Plateaus and the High Plateau show
such high P-wave velocities in the lower crust. The HVZ is also continuous between the two
sub-provinces in the Danger Island Troughs area. High velocities are also present in the lower
middle crust (P-wave velocities between 6.3 and 7.0 km/s). The continuous presence of the
HVZ suggests a process, in which today’s Manihiki Plateauwas emplaced as a single continuous
and larger LIP (“Greater Manihiki Plateau”) during a first magmatic phase possibly connected
to the Hikurangi Plateau and the Ontong Java Plateau.
Figure 5.16: Comparisonof the crustal structure of theWesternPlateaus and theHighPlateauwith other
oceanic LIPs; The grey shaded areas represent the sedimentary cover. The high velocity
zone of the lower crust is represented in the dark blue colours. The transitional crustal layer
is depicted in the yellow and orange colours.
TheHigh Plateau alongwith other oceanic LIPs has an uppermiddle crustal layer of P-wave
velocities 5.0 to 5.8 km/s (yellow to orange colours in Fig. 5.16). This layer is present on all pre-
viously presented LIPs as part of the middle crust but is not always resolved as an individual
crustal unit constrained by intracrustal reflections. Surprisingly, this transitional layer with its
specific velocity range is not present on the Western Plateaus (Fig. 5.16) leaving a large gap in
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the relative continuous P-wave velocity distribution within the igneous crust of a LIP. Therefore
the Western Plateaus are not presenting a substantial crustal layer present in all other oceanic
LIPs, a layer associated with mafic intrusions formed during later stages of magmatic activity
(Karlstrom and Richards, 2011). This provides an important indication that the magmatism on
the Western Plateaus might differ from the magmatic activity of the High Plateau during sec-
ondary magmatic stages. The uppermost crust of oceanic LIPs mainly consists of basaltic flow
units interlayered with pillow lavas and possibly volcaniclastic layers formed by regional sec-
ondary volcanic phases (Hoernle et al., 2010; Inoue et al., 2008; Timm et al., 2011). The High
Plateau shows local volcanic centres, which have been the outlets of extrusive volcanism dur-
ing secondary magmatic phases, similar as observed on the Ontong Java Plateau (Inoue et al.,
2008) or the Hikurangi Plateau (Davy andWood, 1994; Davy et al., 2008;Hoernle et al., 2010).
Extrusive and intrusive magmatic activity is also visible in seismic reflection data throughout
the High Plateau (Pietsch and Uenzelmann-Neben, 2015). Buried seamount chains can also be
located in gravity anomaly grids on the High Plateau of the Manihiki Plateau (Fig. 5.13). On the
contrary, the upper crust of the Western Plateaus consist of several areas of very low veloci-
ties and low rock densities that are associated with volcaniclastic sedimentation and carbon-
ate banks rather than with igneous rocks (Grevemeyer et al., 2001). Seamounts and seaknolls
are mainly located at the margins and result from later magmatic reactivation phases in the
late Cretaceous and/or from the overriding of the Tahiti and Society Islands hotspots during
the Eocene. Neither the seismic refraction/wide-angle reflection data nor the multichannel
seismic reflection data acquired on the central Western Plateaus indicate extensive secondary
magmatism such as the massive and wide-ranged emplacement of basaltic flow units. Short
wavelength gravity anomalies are mainly attributed to basement highs and the local occur-
rence of seamounts (Figs. 5.6 and 5.12). Basaltic flow units cropping out at the seafloor are only
present in the Tokelau Basin. On the central Western Plateaus, deep basins of lower velocities
are imbedded into igneousmaterial. We can therefore distinguish the two sub-provinces of the
Manihiki Plateau by their middle and upper crust. A wide variety of rock types are included in
the upper crust of the Western Plateaus, whereas the upper crust of the High Plateau consists
of basaltic flow units and volcaniclastic and/or carbonate successions. The lower and lower-
middle crust of the High Plateau and the Western Plateaus are similar to previously described
oceanic LIPs. The twomain sub-provinces of theManihiki Plateau hencemust have undergone
a different magmatic evolution after their initial emplacement phase.
5.5.2 The role of the HVZ in the lower crust of the Manihiki Plateau
The HVZ in the lower crust is a key component of a LIP (Coffin and Eldholm, 1994; Ridley and
Richards, 2010). The HVZ is a result of the upwelling of very hot mantle material and consists
of an olivine and pyroxene crystal fraction captured above the Moho (Karlstrom and Richards,
2011; Ridley and Richards, 2010). The presence and absence of the HVZ within the lower crust
can be seen as an indicator for the emplacementmechanismof the igneous volume and allows
the distinction between LIP – related crust and oceanic crust created by seafloor-spreading
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processes. On the Manihiki Plateau, the HVZ is present within the whole lower crust and is not
intersected at theDanger Islands Troughs (Fig. 5.14). This suggests that theManihiki Plateauwas
emplaced as a single crustal unit, and that the formation of different sub-provinces is restricted
to the upper andmiddle crustal layers. Furthermore, the HVZ indicates various tectonic forces
acting on themargins of theManihiki Plateau. Our data cover three differentmargins, theMani-
hiki Scarp, themargins towards the SamoanBasin and the Tokelau Basin. At theManihiki Scarp,
the HVZ rather terminates abruptly (Figs. 5.9 and 5.15). The Penrhyn Basin does not show high
P-wave velocities in its lower crust. Tectonically, the Manihiki Scarp is a strike-slip zone (Larson
et al., 2002; Viso et al., 2005), where a subducted fragment of the Manihiki Plateau was em-
placed. The sudden termination of the HVZ illustrates this razor-sharp boundary between the
LIP and the adjacent Penrhyn basin. This clear distinction between LIP-related crust and sur-
rounding oceanic basins can neither be seen in the Samoan Basin nor in the Tokelau Basin. The
Samoan Basin shows a thin HVZ (Figs. 5.9 and 5.15). Therefore, the margin of the High Plateau
and the adjacent ocean basin experienced a plume/hotspot-influence after the break-up be-
tween theManihiki Plateau and theHikurangi Plateau by the formation of theOsbourn Trough.
On the Western Plateaus, the Tokelau Basin shows a clear HVZ in its lower crust (Figs. 5.7 and
5.14). This implies that the crust present in the Tokelau Basin is in fact still part of the Manihiki
Plateau and was not produced as a part of the “normal” oceanic seafloor spreading in the Ellice
Basin. By close evaluation of the measured and modelled P- and S-wave velocities, we can
compare our findings to the results of Richards et al. (2013). The authors modelled multiple
batchmelting processes recreating the high-velocity, ultramafic, intrusive body below hotspot
tracks. These intrusive features are - at smaller scale - similar to a HVZ below an oceanic LIP.
Applying the calculations by Richards et al. (2013), our P- and S- wave velocities suggest an
emplacement scenario for the HVZ below the High Plateau with a 30% liquid melt fraction of
a MgO portion of 15-20 wt%. This would result in a potential melting temperature of 1850 °K,
which is in accordance with new geochemical data from the area (Golowin et al., 2014; Timm
et al., 2011).
5.5.3 Emplacement scenarioof theManihiki Plateauand its twomajor sub-provinces
The initial magmatic event of a LIP emplaces approximately 75% of the total igneous volume
of the igneous province (Bryan and Ernst, 2008; Karlstrom and Richards, 2011). Therefore the
lower and middle crustal layers of the two sub-provinces of the Manihiki Plateau show similar
attributes such as their density and P- and S-wave distribution. The lower andmiddle crust are
suggested to have been emplaced during the “GreaterOntong JavaNui event” creating the LIPs
of the southwestern Pacific Ocean (Chandler et al., 2012, 2013; Taylor, 2006). As a previously
presumed process, the initial emplacement of the “Greater Manihiki Plateau” took place as a
single crustal block, which included all present sub-provinces as well as later subducted frag-
ments. To the south, the Hikurangi Plateau was emplaced simultaneously. The High Plateau
of the Manihiki Plateau was emplaced at subaerial level or close to sea level (Ai et al., 2008;
Schlanger et al., 1976; Simoneit et al., 2014). Pietsch and Uenzelmann-Neben (2015) report
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intra-basalt reflections representing areas of a possible subaerial exposition, which correspond
to the upper boundary of the upper-middle crust on the High Plateau. Strong wide-angle re-
flections throughout the High Plateau (Figs. 5.4 and 5.9) support the presence of subaerial lava
flows, possibly interbedded with volcaniclastic sediments emplaced during the initial plateau
formation. At this stage, two geochemically different types of tholeiitic basalts have been
formed at the Manihiki Plateau. The first group shows EM I (enriched mantle I) type signa-
tures and is similar to basement lavas of the Ontong Java Plateau. The second group, on the
other hand comprises tholeiitic basalts with a U-shaped incompatible element patterns and
unusually low abundances of several elements (Golowin et al., 2014; Ingle et al., 2007; Timm
et al., 2011). Basalts showing this composition, have not been reported on other parts of the
“Greater-Ontong-Java event” related LIPs so far. Ingle et al. (2007) propose a formation of
these magmas in a subduction zone setting by extensive melting of a depleted mantle wedge
material and addition of subducted, possibly ocean island derived volcaniclastic sediments.
This hypothesis, however, is not consistent with our seismic data, which do not show any evi-
dence of abnormalities, such as lateral velocity and density changeswithin themantle beneath
the Manihiki Plateau. Alternative models, being in better accordance with our data, have been
presented by Timm et al. (2011) and Golowin et al. (2014). These authors explain the formation
of the unusual basaltic compositions by hot melting of a depleted mantle source and mixing
with an enriched HIMU (high µ : high 238U/204Pb-ratio) component being similar to the source
of late-stage magmatism of all “Greater-Ontong-Java event” related plateaus. This scenario
supports our findings of a continuous HVZ on the Manihiki Plateau as an indicator of massive
upwelling of hot mantle material.
The fragmentation of the “Greater Manihiki Plateau” followed this first magmatic phase (Chan-
dler et al., 2012, 2013;Hoernle et al., 2004a, 2010; Taylor, 2006; Timm et al., 2011;Worthington
et al., 2006) (Fig. 5.17). The Danger Island Troughs, which separate the High and the West-
ern Plateau, formed during this time (Ingle et al., 2007;Nakanishi et al., 2015; Timm et al., 2011).
Faulting occurred throughout theManihiki Plateau, especially at itsmargins such as theManihiki
Scarp, where a transform fault developed (Larson et al., 2002; Viso et al., 2005). If the joined
emplacement of the Manihiki Plateau and the Ontong Java Plateau is a testable hypothesis,
it can be assumed that, after the initial emplacement, clock-wise rotational motion (Chandler
et al., 2013) acted as well on the adjacent Western Plateaus. Such a rotation is indicated by a
series of pull-apart basins in the Danger Islands Troughs (Nakanishi et al., 2015). To the south,
the Hikurangi Plateau rifted away from the High Plateau of the Manihiki Plateau with the de-
velopment of theOsbourn Trough spreading centre (Billen and Stock, 2000;Davy et al., 2008;
Worthington et al., 2006). During and after the establishment of seafloor spreading encircling
the Manihiki Plateau, a secondary magmatic stage started, resulting in seamount volcanism
and the emplacement of basaltic flows (Ai et al., 2008; Pietsch and Uenzelmann-Neben, 2015;
Winterer et al., 1974) (Fig. 5.17). Secondary magmatism formed the upper crust of the Manihiki
Plateau by intrusions and extrusive volcanismmainly of alkalic composition (Clague, 1976; Ho-
ernle et al., 2010; Ingle et al., 2007; Timm et al., 2011). We interpret relicts of volcanic centers as
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Figure 5.17: Sketch of the evolution of the Manihiki Plateau with special focus on the High Plateau and
the Western Plateaus from the early Cretaceous to the current setting
47
CHAPTER 5. CRUSTAL STRUCTURE OF THE MANIHIKI PLATEAU
well asmagmatic pathwayswithin the crust of theHighPlateau fromour data. At theDanger Is-
lands Troughs, alkaline lavas with a strong enrichment in light rare earth and large-ion lithophile
elements were emplaced (Ingle et al., 2007). A comparable amount of igneous material could
not be identified in our data from the Western Plateaus, where only low-volume magmatic
activity is concentrated along fault systems and localized seamounts. On the High Plateau
secondarymagmatic phases (>65Ma) resulted in smoothing of the basement by the emplace-
ment of volcaniclastic sedimentation andbasaltic flows (Pietsch andUenzelmann-Neben, 2015).
The basement of theWestern Plateaus is rough and sedimentation is restricted to pockets be-
tween basement highs. Upper crustal layers created during secondary magmatic stages could
have been certainly eroded as they were close to the sea surface. In this case, erosion should
have been very effective, and magmatic pathways and late stage mafic intrusions should be
visible in the middle crustal layers of the presented models (Figs. 5.14 and 5.15). On the High
Plateau, weathering products of the volcanic edifices formed during secondary volcanic stages
are incorporated into the volcaniclastic sedimentation (Schlanger et al., 1976), which leads to
the build up of about 200m thick volcaniclastic units (Ai et al., 2008; Pietsch and Uenzelmann-
Neben, 2015). Comparable strata cannot be found on the Western Plateaus, where it is not
possible to distinguish between different secondary magmatic phases within the reflection
seismic data (Pietsch and Uenzelmann-Neben, 2015). Also, the unusual low velocities of parts
of the acoustic basement infer that volcaniclastic and/or carbonate sedimentation occurred
within tectonic pockets on theWestern Plateaus (Fig. 5.14). As no rock samples from the central
Western Plateaus are available for ground-truthing, we rely only on geophysical parameters.
Carbonate sedimentation, e.g. the build-up of carbonate platforms, is likely, since the Manihiki
Plateau did not reside below the Carbonate Compensation Depth (Van Andel, 1975) during its
entire lifespan. As the upper crust, consisting of sedimentary rocks, thins towards thewest, and
magmatic rocks become present again, it is likely that this portion of theWestern Plateaus had
already subsided deeper and was farther away from the source region of volcaniclastic sedi-
mentation. Therefore, the western Western Plateaus, towards the Tokelau Basin experienced
less sedimentation, andmagmatic rocks are exposed in the upper crust. During a later stage of
secondarymagmatism, its activity on theHigh Plateauweakened andmoved its activity centre
to the east and towards the margins, as eastern volcanic structures are better preserved and
early deformed sedimentary layers are visible in seismic reflection data (Ai et al., 2008) (Fig.
5.17). Older volcanic edifices are eroded, leading to an almost smooth acoustic basement in
the seismic reflection data (Pietsch and Uenzelmann-Neben, 2015). After the last main mag-
matic pulse ceased, further pelagic sedimentation coveredmost of the volcanic relicts and the
faults and ridges generated by tectonic motion. The Manihiki Plateau subsided to the current
water-depth of 2600 m for the High Plateau and 4000-3600 m for the Western Plateaus
(Fig. 5.17).
In summary, the different sub-plateaus of the Manihiki Plateau experienced multiple stages
of magmatic emplacement. The initial emplacement was a rapid subaerial emplacement of
massive amounts of igneous material. Later volcanic stages differ between the twomain sub-
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provinces. Whereas theHigh Plateau experiencedmultiple phases ofmassive secondarymag-
matism, the magmatism on theWestern Plateaus was restricted to pre-weakened fault zones
and low-volumeseamount volcanism. TheDanger Islands Troughs, a series of pull-apart basins,
form the prominent dissection between those two sub-provinces and their different evolution
after the initial emplacement of the Manihiki Plateau.
5.6 Conclusions
We present the first seismic refraction/wide-angle reflection P-wave and S-wave models of
the two main sub-provinces – the Western Plateaus and the High Plateau – of the Manihiki
Plateau. From the newly gained information on the crustal structure of the sub-provinces, the
tectonic and magmatic evolution of this oceanic LIP can be further illuminated. Additionally
we gain insight into the relationship between the sub-provinces, which have been treated as a
single crustal block in previous studies. The High Plateau shows key features of a LIP such as a
HVZ in the lower crust and basaltic flow units in the upper crust. The crustal thickness presents
a constant 20 km throughout the southern High Plateau. Eruptive centers of secondary mag-
matic phases are visible in the upper crust and major magmatic pathways can be traced in the
middle and lower crust of the LIP throughout the High Plateau. The Western Plateaus, on the
other hand show a stepwise decrease in crustal thickness from 17.3 km in the east to 9.2 km in
the west. The presence of the HVZwithin the lower crust indicates a joined emplacement with
the High Plateau during an initial magmatic stage. The upper crust of the Western Plateaus
does not consist of major basaltic flow units and massive amounts of volcaniclastics such as
the upper crust of the High Plateau. Therefore we propose an individual development of the
two main sub-provinces of the Manihiki Plateau after the initial emplacement of the LIP. The
two sub-provinces showa clear distinction between latermagmatic stages, which has not been
reported for any other oceanic LIP so far.
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Keypoints
• new plate kinematic reconstruction of the western Pacific during the Cretaceous
• detailed break-up scenario of the “Super” Large Igneous Province Ontong Java Nui
• Ontong Java Nui “Super” - Large Igneous Province as result of plume-ridge interaction
Abstract
The three largest Large Igneous Provinces (LIP) of the western Pacific – Ontong Java, Mani-
hiki and Hikurangi plateaus – were emplaced during the Cretaceous Normal Superchron and
show strong similarities in their geochemistry and petrology. The plate tectonic relationship
between those LIPs, herein referred to as Ontong Java Nui, is uncertain, but a joined emplace-
mentwas proposed by Taylor (2006). Since this hypothesis is still highly debated and struggles
to explain features such as the strong differences in crustal thickness between the different
plateaus, we revisited the joined emplacement of Ontong Java Nui in light of new data from
the Manihiki Plateau. By evaluating seismic refraction/wide-angle reflection data along with
seismic reflection records of the margins of the proposed “Super”-LIP, a detailed scenario for
the emplacement and the initial phase of break-up has been developed. The LIP is a result of
an interaction of the arriving plume head with the Phoenix-Pacific spreading ridge in the early
Cretaceous. The break-up of the LIP shows a complicated interplay between multiple micro-
plates and tectonic forces such as rifting, shearing and rotation. Our plate kinematic model
of the western Pacific incorporates new evidence from the break-up margins of the LIPs, the
tectonic fabric of the seafloor as well as previously published tectonic concepts such as the
50
CHAPTER 6. PLATE TECTONIC RECONSTRUCTION OF ONTONG JAVA NUI
rotation of the LIPs. The updated rotation poles of the western Pacific allow a detailed plate
tectonic reconstruction of the region during the Cretaceous Normal Superchron and highlights
the important role of LIPs in the plate tectonic framework.
Keywords:
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6.1 Introduction
The plate tectonic set-up of the central and western Pacific since the Cretaceous is a mosaic
of multiple small and short-lived oceanic plates and continental fragments. Plate kinematic
reconstructions (e.g. by Chandler et al., 2012; Davy et al., 2008; Seton et al., 2012) struggle to
explain all the features of the difficult interplay between Large Igneous Provinces (LIP), relict
spreading centers, subduction and hotspot volcanism overprinting the area. As the generation
of most of the oceanic crust of the Western Pacific takes place during the Cretaceous Normal
Superchron (CNS), no magnetic seafloor-spreading anomalies constrain the plate tectonic re-
constructions (Fig. 6.1). The remnants of the proposed “Super”-LIP (Ontong Java Nui) emplace-
ment during the early Cretaceous (Chandler et al., 2012, 2013; Taylor, 2006) play an important
role in this set-up, since two former components of this Super-“LIP” - the Ontong Java Plateau
and the Hikurangi Plateau - interact with subduction trenches bordering the Australian Plate
(Fig. 6.1) and were possibly individual oceanic plates during the Cretaceous. We suggest that
the termination of the subduction at the eastern Gondwana margin is caused by the arrival of
the Hikurangi Plateau at the subduction zone (Billen and Stock, 2000; Davy, 2014; Davy and
Wood, 1994;Davy et al., 2008, 2012; Luyendyk, 1995;Matthews et al., 2012;Reyners, 2013; Timm
et al., 2014). This process initiated a global plate reorganization event (Matthews et al., 2012).
The third major LIP component, the Manihiki Plateau, has currently no direct interaction with
active plate boundaries, but tectonic deformation at its margins, due to the possible break-up
of Ontong Java Nui and internal fragmentationmust have occured during the Cretaceous (Win-
terer et al., 1974). The internal fragmentation and partitioning of the Manihiki Plateau into three
sub-provinces has previously been ignored by all published plate tectonic reconstructions. Re-
cent findings reveal distinct differences in the tectonic and magmatic evolution between the
main two sub-provinces theWestern Plateaus and theHigh Plateau (Hochmuth et al., in review;
51
CHAPTER 6. PLATE TECTONIC RECONSTRUCTION OF ONTONG JAVA NUI
Pietsch andUenzelmann-Neben, 2015). In this paper, we analyze the role of theOntong JavaNui
LIPs in the plate tectonic framework of the western Pacific Ocean and revisit the hypothesis
of the coupled emplacement of the major LIPs of the western Pacific as proposed by Taylor
[2006] and Chandler et al. [2012]. By re-examining available seismic refraction/wide-angle
reflection data along with seismic reflection records and global gravity and bathymetry grids,
we present a more detailed reconstruction of the emplacement of the western Pacific’s LIPs,
possible break-up scenarios and the role of internal fragmentation of the Manihiki Plateau.
Figure 6.1: Current plate tectonic set-up of the western Pacific Ocean; active subduction zones are
shown in brown, transform faults in red and mid-ocean ridges in black. Black dashed lines
are tectonic lineations tracked frommagnetic anomaly maps (Maus et al., 2009) and gravity
anomaly maps (Sandwell et al., 2014). Green and turquois lines indicate fault zones within
Jurassic seafloor (Nakanishi et al., 1992) and Cretaceous seafloor respectively. The former
spreading center at the Osbourn Trough is marked in blue and the Tongareva Triple Junction
Trace is marked in magenta. Isochrons (thin black lines) are taken from Seton et al. (2012)
and are shaded in orange for the M-Series and in yellow for the C-Series on the Pacific Plate.
Pacific seafloor emplaced during the CNS is shown in white.
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6.2 Geological Setting
6.2.1 The Large Igneous Provinces of the western Pacific
The crustal structure and geodynamic development of LIPs differ greatly from those of normal
oceanic crust. Although the igneous material (basalt in the upper crust, gabbros in the lower
crust) is the same, the crust of LIPs is three times thicker on average than that of normal oceanic
crust (Coffin and Eldholm, 1994; Ridley and Richards, 2010).
Figure 6.2: Relicts of tectonic alteration on the Manihiki
Plateau as seen in seismic reflection lines from
So-224 and KIWI-12 (thin black lines) and seis-
mic refraction lines (thick black lines) from So-224.
Dashed areas indicate faulted basement. The dot-
ted areas show little to no faulting within the base-
ment. The yellow line indicates a series of troughs
(e.g. Danger Islands Troughs) active during the sup-
posed break-up of Ontong Java Nui. The orange
line marks the Suvarov Trough, which was active
after the initial break-up. The red lines on the seis-
mic refraction profiles indicate the presence and
thickness of the High Velocity Zone (HVZ), within
the P-wave velocity models. The position of the
seismic refraction profiles shown in Fig. 6.3 is indi-
cated by the light grey boxes.
The Ontong Java Plateau has a
crustal thickness of >30 km (Fu-
rumoto et al., 1976; Miura et al.,
2004). Crustal thickness of the
High Plateau of Manihiki Plateau is
about 20 km (Hochmuth et al., in
review). The Western Plateaus of
the Manihiki Plateau show a crust
that thins from a maximum crustal
thickness of 17 km in the east to 9
km in the west (Hochmuth et al., in
review). The crustal thickness of the
Hikurangi Plateau is inferred to be
approximately between 17 km and
23 km from gravity modeling (Davy
et al., 2008). All these LIPs expe-
rienced phases of secondary mag-
matic and volcanic activity, which
partly overprinted tectonic sutures
(Davy et al., 2008; Hoernle et al.,
2010; Inoue et al., 2008; Pietsch
and Uenzelmann-Neben, 2015).
An important key feature of
LIPs is the high velocity zone (HVZ)
with P-wave velocities between 7.3
and 7.7 km/s within its lower crust.
The HVZ is believed to consist of
olivine and pyroxene crystal frac-
tionation, which is trapped above
the crust-mantle boundary (Moho) (Karlstrom and Richards, 2011; Ridley and Richards, 2010).
The presence of the HVZ indicates the influence of hot mantle upwelling, e.g. due to the pres-
ence of a hotspot or a mantle plume. The configuration of the HVZ along LIP margins allows
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Latitude Longitude Age Paleolatitude Reference:
ODP Leg 130 -
807




















0.943 161.451 121 -22.2 ± 2.3 (Riisager et al.,
2003)
DSDP Leg 33 -
317
-11.0015 -165.263 116.8 -47.5 (Cockerham and
Jarrard, 1976)
So-168 DR55 -40.7508 -160.916 115 - (Mortimer et al.,
2006)
Malaita -8.772 160.916 160 - (Ishikawa et al.,
2005)
Table 6.1: Additional dated locations and paleo-latitude data used as constraints for the plate kinematic
reconstruction
an insight into tectonic alteration as well as LIP formation processes (Fig. 6.2). HVZs have been
derived from seismic refraction/wide-angle reflection experiments, which have been carried
out on the Ontong Java Plateau (Furumoto et al., 1976; Miura et al., 2004) and on the Manihiki
Plateau (Figs. 6.2 and 6.3) (Hochmuth et al., in review; Winterer et al., 1974). In addition to the
LIPs of the western Pacific, numerous active and former hotspot tracks, such as the Louisville
seamount chain and the Samoa Hotspot characterize the area (Fig. 6.1). The omnipresence of
volcanically altered oceanic crust has an important impact on the plate tectonic mechanisms
of the western Pacific. For example, buoyancy calculations by Cloos (1993) predict that oceanic
plateaus as thick as 17 km can be subducted. Orogenesis by subducting oceanic plateaus re-
quires a broad volcanic feature (>100 km long and 50 km wide) with a crustal thickness of 30
km (Cloos, 1993). These calculations indicate that LIPs can play a significant role in the plate tec-
tonic framework, especially in the Pacific Ocean, since it is surrounded by subduction zones.
LIPs influence the behavior of oceanic plates by volcanic arc polarity reversal (e.g. Mann and
Taira, 2004;Musgrave, 1990) or altering subduction patterns (e.g. Gutscher et al., 1999; Liu et al.,
2010).
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6.2.2 The plate tectonic framework of the Pacific during the Cretaceous
The plate kinematics of the Cretaceous Pacific area include countless microplates and past
subducted plates (e.g. Seton et al., 2012). During the Jurassic, the so-called Pacific Triangle de-
veloped, which is the birthplace of today’s Pacific Plate. The Pacific Triangle was formed by
the Izanagi Plate in the northwest, the Farallon Plate in the northeast and the Phoenix Plate in
the south, which were connected by triple junctions. Magnetic seafloor spreading anomalies
can be identified from M27 (155 Ma) to M0 (120 Ma) within the Phoenix lineation northeast
of the Ontong Java Plateau (Nakanishi et al., 1992) (Fig. 6.1). After the CNS, magnetic seafloor
spreading anomalies can be traced from C34n (83 Ma) to C1 (0.8 Ma) to the east of the Mani-
hiki Plateau (Fig. 6.1). The whole tectonic re-organization of the Ontong Java Nui LIPs occurred
during a time of a relatively stable magnetic field, which does not allow to trace the motion of
individual plates by polarity reversals of the magnetic field. In this case, the plate motion can
be traced either by fracture zones (Matthews et al., 2012), which act as motion paths, or by the
variations of the strength of themagnetic field (Granot et al., 2012). We introduce two compet-
ing models deciphering this time period presented in the literature, and will re-examine these
models in the light of newly acquired data from the Manihiki Plateau: The “Super”-LIP Ontong
Java Nui and the separated formation of the Ontong Java Plateau with a coupled emplacement
of Manihiki and Hikurangi.
The Ontong Java Nui hypothesis
Taylor (2006) hypothesized that the three major LIPs of the western Pacific Plate were em-
placed as a single “Super” Large IgneousProvince. This “Super”-LIPOntong JavaNuiwas formed
in the vicinity of the Farallon-Phoenix-Pacific triple junction approximately at 125 Ma (Timm
et al., 2011). The trace of this triple junction is imprinted on today’s Pacific Plate by a grav-
ity anomaly called the Tongareva Triple Junction Trace, which is trackable from the Manihiki
Plateau to the Pacific-Antarctic Ridge striking NW-SE (Larson et al., 2002; Viso et al., 2005)
(Fig. 6.1). The break-up of Ontong Java Nui was initiated at all margins of the Manihiki Plateau
between 120Ma and 118Ma. To the south, the Osbourn Trough developed as a spreading cen-
ter, separating the Hikurangi Plateau fromManihiki (Billen and Stock, 2000; Davy et al., 2008;
Worthington et al., 2006). TheOntong Java Plateau drifted away to thewest by spreading at the
Nova Canton Trough (Chandler et al., 2012; Taylor, 2006). The northeastern fragment of the
Manihiki Plateau riftednortheastwards on theFarallonPlate and theeasternpart of theManihiki
Plateauwas integrated into the Phoenix Plate in a southward direction (Larson et al., 2002;Viso
et al., 2005). The motion between the Hikurangi Plateau and the Manihiki Plateau stopped at
100Mawith theHikurangi Plateau jamming into the subduction zone at the ChathamRise fol-
lowed by cessation of spreading at the Osbourn Trough (Davy, 2014; Davy et al., 2008). Other
authors (e.g. Billen and Stock, 2000; Sutherland and Hollis, 2001;Worthington et al., 2006) ar-
gue for a longer lifespan of the Osbourn Trough, but all agree that the cessation of spreading
occurred within the CNS (120-83Ma). At around 80Ma, spreading in the Nova Canton Trough
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between theOntong JavaPlateau and theManihiki Plateau terminated (Taylor, 2006), although
the Ontong Java Plateau was not subducting at the Solomon Trench at that time. The opening
at the Nova Canton Trough included a rotational component (Chandler et al., 2013) between
37° and 52° obtained from paleomagnetic reconstructions. This rotation requires either a de-
coupling of the Ontong Java Plateau from the Pacific Plate or a yet unrecognized large-scale
rotation of the Pacific Plate between 125 and 83Ma. Themain objections towards this coupled
emplacement of the three LIPs include the different crustal thicknesses between the Ontong
Java Plateau (> 30 km of crust) (Furumoto et al., 1976; Gladczenko et al., 1997; Klosko et al., 2001;
Miura et al., 2004; Richardson et al., 2000) and the conjugate margin at the Manihiki Plateau,
theWestern Plateaus, which present a gradual decrease of crustal thickness from 17 km to 9 km
towards the Nova Canton Trough (Hochmuth et al., in review). If the emplacement was coupled
the Western Plateaus should have a similar crustal thickness as its conjugate plateau. Addi-
tionally, the tectonic fit between the two plateaus cannot be achieved easily since secondary
volcanism and tectonic activity altered the plateaus margins (Pietsch and Uenzelmann-Neben,
2015). A further complication of the plate kinematic reconstruction is that the Nova Canton
Trough does not show a clear spreading axis, but seems to consist of multiple small ridges and
fracture zones, which point to a scissor-like opening of the basin (Chandler et al., 2012; Taylor,
2006).
Individual emplacement of Ontong Java and Manihiki-Hikurangi
Whereas the coupled emplacement of the Hikurangi Plateau and the Manihiki Plateau seems
to be a well-established factor in the plate kinematics of the western Pacific, the fit between
the Ontong Java Plateau and the Manihiki Plateau is still under debate for the reasons men-
tioned above. Therefore, we give an overview of published scenarios, which do not include
a coupled emplacement between the Ontong Java Plateau and the Manihiki and Hikurangi
Plateaus. Larson and Chase (1972) and Winterer et al. (1974) propose a plate tectonic set-up,
where the oceanic plateaus of Ontong Java Nui are situated on the spreading axis between the
Pacific and the Antarctic Plate. The different sub-provinces of the Manihiki Plateau are created
by a spreading segment jump (Winterer et al., 1974) or the presence of the Farallon-Antarctic
spreading on the High Plateau (Larson and Chase, 1972). Larson (1997) propose that individ-
ual plumes created the Manihiki Plateau and the Ontong Java Plateau. The Pacific-Phoenix
spreading ridge separated these plumes. The present Nova Canton Trough was created after
the primary magmatism by reheating and extension of the young lithosphere. This concept
highlights the importance of a possible ridge-plume interaction creating the LIPs of the west-
ern Pacific.
6.3 Overview on published and additional data
Beforewe re-evaluate emplacementmechanisms and tectonic activity, a condensed overview
on the relevant data, which is currently available in thewestern Pacific region, is presented. The
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main phase of tectonic evolution within this region occurs during the CNS. Small variations
within the magnetic field strength during this time period have been detected in the Atlantic
Ocean offshore North Africa (Granot et al., 2012), but unfortunately these variations cannot be
recognized within the western Pacific. The Nova Canton Trough shows no clear spreading axis,
and the Osbourn Trough is magmatically overprinted by the Louisville Hotspot in the south
and the smaller Austral-Cook and MacDonald Hotspots in the north (Billen and Stock, 2000).
Therefore, the intensity variations cannot help to reconstruct the plate re-organization, mag-
netic data can only be used to frame the crust, which was emplaced during the CNS. Chandler
et al. (2013) compiled all available paleolatitude data from Deep Sea Drilling Project (DSDP),
Ocean Drilling Project (ODP) and International Ocean Drilling Project (IODP) cores on the On-
tong Java Plateau (Table 6.1). Their findings point to an emplacement latitude of the Ontong
Java Plateau between 17°S and 33°S with a clock-wise rotation of the plateau of between
37°and 52°. This rotation is currently not integrated in any plate kinematic reconstructions and
may indicate a large-scale rotation of the Pacific Plate or an individual motion of the Ontong
Java Plateau during the Cretaceous.
Drilled cores reaching the crystalline basement are sparse in the area, and only a very small
number have published basement ages. But alongwith dredges, e.g. from theWishbone Scarp
(Mortimer et al., 2006) or the Danger Islands Troughs (Ingle et al., 2007), and rocks outcropping
on islands, e.g. Malaita (Ishikawa et al., 2005, 2007; Musgrave, 2013), they can be used as
a valuable references for the timing of local tectonic events (Table 6.1). Further constraints
to be considered include tectonic lineations trackable in satellite gravity anomaly maps and
bathymetric maps. Large-scale anomalies such as the Tongareva Triple Junction trace (Larson
et al., 2002), the East andWestWishboneScarps (Mortimer et al., 2006) and theManihiki Scarp
(Viso et al., 2005) are relicts of former plate boundaries (Fig. 6.1). Additional information of
the plate motion can be extracted from intraplate fracture zones. Taylor (2006) and Chandler
et al. (2012) examined the fracture zones within the Ellice Basin (Nova Canton Trough), which
strike in an East-West direction. North-south striking fracture zones can be observed north and
south of the Osbourn Trough (Fig. 6.1). Fracture zones dissect the Ellice Basin and the Phoenix
lineations (Nakanishi et al., 1992). The large Pacific Fracture zones, e.g. Galapagos Fracture Zone
or the Clipperton Fracture Zone, further constrain the evolution of the Pacific Plate and the
Pacific-Farallon spreading center. The LIP itself provides important constraints for the plate
reconstruction of the Cretaceous western Pacific. The current state of these magmatic bodies
has been altered by tectonic deformation and volcanism of later magmatic stages and does
not necessarily resemble the LIP at its emplacement. In our reconstruction, we account for
crustal extension due to crustal stretching or massive emplacement of magmatic material as
well as for “lost” fragments to the east and north of the Manihiki Plateau (Larson et al., 2002;
Pietsch and Uenzelmann-Neben, 2015; Viso et al., 2005).
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Figure 6.3: Examples for P-wave velocitymodels crossing the differentmargins of theManihiki Plateau.
The position of the different profiles is indicated in Fig. 6.2. (a) shows the Manihiki Scarp -
a sheared margin, (b) shows the southern High Plateau - a stretched margin with volcanic
overprint and (c) shows a part of the Western Plateaus - a stretched margin with little mag-
matic activity; The small insets depict the corresponding reflection seismic data of the shown
profile
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6.4 Possible break-up mechanisms on the Manihiki Plateau
The Manihiki Plateau plays an important role in the plate tectonic setup of the Pacific during
the Cretaceous, since it potentially exposes break-up margins towards the other LIPs of the
region and the seafloor emplaced during the CNS. A close examination of the crustal structure
along with the magmatic and tectonic activity displayed in high-resolution seismic reflection
data (Pietsch and Uenzelmann-Neben, 2015) and seismic refraction/wide-angle reflection data
(Hochmuth et al., in review) acquired in 2012 (Uenzelmann-Neben, 2012) allows us to identify
possible break-up mechanisms on the Manihiki Plateau. Additionally it is important for further
reconstructions to incorporate the amount of crustal growth created by later magmatic stages
and tectonic strain (Fig. 6.2). The Manihiki Plateau was created by a first phase of extrusive
volcanism with an approximated minimum age of 125 Ma (Timm et al., 2011). Later magmatic
stages (<65 Ma) differ between low-volume secondary magmatism on the Western Plateaus
and high volume emplacement at the High Plateau (Hochmuth et al., in review; Pietsch and
Uenzelmann-Neben, 2015). A more important factor for assessing the extension of the crust
after the initial emplacement of the LIP is the tectonic alteration (Fig. 6.2), which is visible by
countless faults (e.g. High Plateau) and the decrease of crustal thickness (e.g. Western Plateaus)
(Ai et al., 2008; Hochmuth et al., in review; Pietsch and Uenzelmann-Neben, 2015). The poten-
tial overlap (o) between the two plateaus can be calculated by the stretching coefficient (β) and
the width of the stretched crust (w) with the following formula: o = w ∗ (β − 1)/β. Additional
information on the extent of the LIP influenced crust can be derived from the presence of a
HVZ with P-wave velocities above 7.3 km/s in the lower crust of the plateaus (Hochmuth et al.,
in review) (Fig. 6.3).
We identify four different areas of tectonic characteristics on the Manihiki Plateau. On the
central High Plateau, tectonic activity is low and mainly induced by magmatism (Pietsch and
Uenzelmann-Neben, 2015) (Fig. 6.2). The eastern flank of the High Plateau, the Manihiki Scarp,
exhibits a north-south trending shearedmargin (Hochmuth et al., in review; Larson et al., 2002;
Pietsch and Uenzelmann-Neben, 2015; Viso et al., 2005) with up to eight basement ridges ex-
posing lower crust (Fig. 6.3a). The HVZ terminates below the basement ridges, and crustal
thickness decreases from 15 to 4.5 km within 60 km lateral distance (Fig. 6.3a). Additional
crustal material seems to be emplaced by the exposure of lower crustal material and not by
stretching processes. The southern High Plateau shows multiple normal fault systems, which
can be related to rifting activity during the Cretaceous and later tectonic stress (40-1.8 Ma)
(Pietsch and Uenzelmann-Neben, 2015) (Fig. 6.2). This area has also been influenced by sec-
ondary magmatic stages (>65 Ma) and even younger magmatic activity (23-10 Ma). The HVZ
in the lower crust of the Manihiki Plateau stretches into the Samoan Basin (Fig. 6.3b). Crustal
stretching (β) is evident but relatively small (β=1.26). The western High Plateau and the West-
ern Plateaus show low-volume secondary magmatism (Hochmuth et al., in review; Pietsch and
Uenzelmann-Neben, 2015). In seismic refraction/wide-angle reflection data from the West-
ern Plateaus, we observe a constant presence of the HVZ and a decrease in crustal thickness
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from 18 km in the East to 9 km in the West (β=2) over 400 km distance (Fig. 6.3c). This indi-
cates a potential overlap with a conjugate margin of 200 km. Small and large offset faults are
present throughout the sub-province (Figs. 6.2 and 6.3). Other significant features of theMani-
hiki Plateau are its internal troughs, the N-S trending Danger Islands Troughs and the NE-SW
trending Suvarov Trough (Fig. 6.2). Seismic reflection data indicates that the Suvarov Trough
is younger than 65 Ma and can therefore not be a result of the initial tectonic activity within
the CNS (Pietsch and Uenzelmann-Neben, submitted). Seismic refraction/wide-angle reflec-
tion data reveal the lack of typical upper crustal material within the Danger Island Troughs, but
a relatively undisturbed lower andmiddle crust (Hochmuth et al., in review). The Danger Islands
Troughs mark, as a series of pull-apart basins a significant border between the two magmatic
and tectonic regimes of the High Plateau and the Western Plateaus. By tracing the exposed
fault systems in bathymetry (Weatherall et al., 2015) and global satellite gravity anomaly maps
(Sandwell et al., 2014) a rotational component fromNNE-SSW striking features in the North to
NNW-SSE striking features in the South can be observed (Nakanishi et al., 2015). This supports
the hypothesis that the Western Plateaus and the High Plateau acted as individual tectonic
plates during part of the Cretaceous. Similar margin features as described above can be seen
on the Ontong Java Plateau and the Hikurangi Plateau (Tab. 6.2 and Fig. 6.4). We extrapolated
our classification of the break-upmargins across these plateaus by including published seismic
reflection and refraction data alongwith gravitymodels, gravity anomalymaps and bathymet-
ric measurements. In addition to the margins encountered on the Manihiki Plateau, a tectoni-
cally inactive margin and subducting margins are present on the Ontong Java Plateau and the
Hikurangi Plateau (Fig. 6.4). The Rapuhia Scarp of the western Hikurangi Plateau shows a very
narrow transition zone between LIP crust and normal oceanic crust (Davy and Collot, 2000)
and introduces a fourth mode of rifting within the system.
6.5 Plate tectonic reconstruction of the Cretaceous western Pacific
The regional plate kinematic reconstructionpresentedhere uses the global plate tectonicGPlates
model of Seton et al. (2012) as its basis. We additionally use the hotspot reference frame
W&K08-D by Wessel and Kroenke (2008) and Chandler et al. (2012). The model comprises
the time frame from 125 Ma to 80 Ma and translates directly into the model by Seton et al.
(2012) for the development after the CNS. An overview on the modeled tectonic events is
provided in Table 6.3.
6.5.1 The emplacement of Ontong Java Nui – plume-ridge interaction and single
“Super”-plume head
The published data indicates that at least twomain eruptive centers were present, on the High
Plateau of the Manihiki Plateau and on the High Plateau of the Ontong Java Plateau, during the
initial emplacement of the LIP (Furumoto et al., 1976; Hochmuth et al., in review; Miura et al.,
2004). The presence of the thinner Western Plateaus (Fig. 6.3c) and possible eastern Ontong
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Figure 6.4: Classification of the margins of Ontong Java Nui in their current setting (main figure) and
during their emplacement (inlet figure).
61























































































































































































































































































































CHAPTER 6. PLATE TECTONIC RECONSTRUCTION OF ONTONG JAVA NUI
Java Plateau makes the scenario of a single “Super”-plume (Taylor, 2006) surfacing in the area
unlikely, since this should create a crust of comparable crustal thickness. Larson (1997) pro-
posed that the oceanic LIPs of the region originated by two individual plume heads rising at
both sides of the Pacific-Phoenix spreading center. Individual plumes would explain the sig-
nificant differences in crustal thickness. The Nova Canton Trough, which separates the Ontong
Java Plateau and the Manihiki Plateau, shows a reorientation of the spreading orientation in
comparison to its predecessor the Pacific-Phoenix Ridge from E-W to NE-SW (Fig. 6.5).
Figure 6.5: (a) magnetic anomaly map of the Nova Canton Trough
after Maus et al. (2009), grey areas indicate the oceanic
LIPs (b) tectonic interpretation with major fracture zones
in green from Nakanishi et al. (1992) for the Phoenix lin-
eations and additional smaller fracture zones at the con-
vergence between the Nova Canton Trough and the Clip-
perton FZ, fracture zones within the Nova Canton Trough
(yellow area) after Taylor (2006) in black and the mag-
netic isochrones of M10 (red) and M1 (orange) within the
Phoenix lineations (Nakanishi et al., 1992).
Even though a clear spread-
ing axis is not detectable
(Chandler et al., 2012; Taylor,
2006), it can be inferred that
the oblique spreading in the
Nova Canton Trough cross-
cuts the magnetic spread-
ing anomalyM-Series atM10
in the vicinity of the On-
tong Java Plateau and leaves
the M1 spreading center visi-
ble northeast of the Manihiki
Plateau (Fig. 6.5) (Nakanishi
et al., 1992). Therefore, the
spreading in the Nova Can-
ton Trough is distinct from
the earlier spreading in the
area and is not caused by
an overprinting of a former
spreading center during the
CNS as suggested by Larson
(1997). In addition, the pos-
sible presence of three areas
of mantle upwelling within
such a confined area – an
Ontong Java Plume, a Mani-
hiki/Hikurangi Plume and the Pacific-Phoenix ridge – seems geodynamically unrealistic. How-
ever, the concept of the interaction between plumes and the Pacific-Phoenix spreading center
appears to be an important factor in the emplacement of Ontong Java Nui.
A ridge-centered hotspot can currently be observed for example on Iceland (e.g. Darbyshire
et al., 1998; Ito et al., 1996) and the interaction between a hotspot and a spreading-ridge is
present, for example, at the Galapagos hotspot (e.g. Kokfelt et al., 2005; Sinton et al., 2003).
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Modeling of these interactions reveals that the plume-ridge interaction ismainly influenced by
the spreading rate at the ridge and the plume flux (Albers and Christensen, 2001). Therefore,
multiple pulses and the spreading at the ridge between the pulses can create areas of variable
crustal thickness. The nature of the plume-ridge interaction– whether centered or off-axis –
also influences the emplacement process. Off-axis plumes have to penetrate a thicker and
older lithosphere and have an up-slope flow towards the ridge (Ito et al., 1996, 2003; Ribe,
1996; Ribe and Delattre, 1998; Ribe et al., 1995). To explore the result of a possible interaction of
an arriving plume head at the Pacific-Phoenix ridge, models of hotspot-ridge interactions (e.g.
Dyment et al., 2007) andmodels of plume-ridge interactions (e.g.Whittaker et al., 2015) can be
used. These scenarios differ mostly in the volume of the emplaced igneous material, which is
far larger for a plume scenario. It has also been proposed that plume-ridge interaction causes
asymmetric seafloor spreading (Müller et al., 1998). When a spreading system approaches a
hotspot, themagmatic flow is channeled towards the ridge resulting in an additional production
of seamounts. An increased steadymagma supplywould possibly generate an oceanic plateau
(Fig. 6.6). The main emplacement of the LIP would occur during a phase of a ridge-centered
plume with massive volcanic outpourings and intrusions within the lower crust. As soon as the
ridge passes the area of the plume, the emplacement of igneousmaterial decreases, but chan-
neling towards the ridge is still present, possibly resulting in an area of thinner, but still over-
thickened oceanic crust. The former main emplacement area with its large crustal thickness is
rifting away from the ridge (Fig. 6.6). The interplay between ridge dynamics and a plumemight
help to understand the observation of the large differences in crustal thickness across the LIP.
On the Manihiki Plateau, a strong seismic intra-basement reflection is traceable (Pietsch and
Uenzelmann-Neben, 2015), which can be interpreted to represent an initial formation stage of
the plateau. Strong intra-crustal seismic wide-angle reflections (Hochmuth et al., in review) can
also be attributed to this layer. The strong reflections within the crust in both datasetsmight be
the result of the overprinting between an early arrival of the plume and themain emplacement
phase during the time of a ridge-centered plume. A similar set-up of pulsating volcanic activity
has been reported for the Southeast African LIP, where the Transkai Rise separates, analog the
Western Plateaus of the Manihiki Plateau, two areas of thicker LIP crust, the Agulhas Plateau
and the Mozambique Ridge (Gohl et al., 2011). Since the data indicate a tectonic connection,
within the crust of the Western Plateaus between the Ontong Java Plateau and the Manihiki
Plateau and the presented emplacement mechanism does not oppose such a scenario, we
attempt our reconstruction with the re-assemblage of Ontong Java Nui, by accounting for ro-
tational components (Chandler et al., 2013; Davy, 2014), the growth of the LIP after break-up
by either crustal stretching or secondary magmatism and incorporating for the characteristics
of the break-up margins. Subducted fragments are added. Here, we use the traceable slab of
the Hikurangi Plateau below New Zealand (Reyners, 2013) and the estimated extension of the
Ontong Java Plateau by Musgrave (2013). Since the northeastern and the eastern fragment of
the Manihiki Plateau were subducted, we estimated the extent of these fragments under the
assumption that the emplacement mechanism is similar to that of the northern Ontong Java
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Plateau, where basalt flows limit the extent of the Nauru Basin (Mochizuki et al., 2005) (Fig.
6.4). These assumptions result in an initial size of Ontong Java Nui to be 1.1% of the Earth’s
surface, which is larger than previously anticipated. By comparing the reassembled LIP with
recent global plate tectonic models (e.g. Seton et al., 2012) and magnetic lineations (Nakan-
ishi et al., 1992), the paleo-latitudes calculated for the Ontong Java Plateau are approximately
400 km farther north than the reconstructed position of the Ontong Java Plateau (Fig. 6.7).
Even though only a few paleolatitude calculations exist, implying a large error margin, we in-
vestigate further possible factors for this significant offset. The mismatch between the recon-
structed and the magnetic lineations is partly due to the complicated spreading at the Pacific
– Phoenix – Farallon Triple Junction, where the presence of multiple microplates and jumping
spreading centers is proposed (Seton et al., 2012). The Phoenix lineations show multiple frac-
ture zones (FZ) within their sequence (Nakanishi et al., 1992) including the Phoenix FZ and the
Central Pacific FZ (Figs. 6.5 and 6.7). These induce a considerable offset between themagnetic
lineations in the vicinity of the Ontong Java Plateau and are, along with other smaller FZ, trace-
able within the eastern Nova Canton Trough (Maus et al., 2009; Sandwell et al., 2014) (Fig. 6.5).
Figure 6.6: Sketch of possible plume-ridge interaction
at the Pacific-Phoenix ridge, upper panel:
surfacing of a plume head in vicinity of
the Phoenix-Pacific spreading ridge; middle
panel: plume head at the ridge creating a
thicker plateau; lower panel: spreading cen-
ter moved away from the plume creating
rifting of the thick plateau and emplaces a
thinner oceanic plateau between the previ-
ously emplaced parts
The crust of the Nova Canton Trough was
emplaced after the oceanic LIPs, which
allows an emplacement of the LIP far-
ther north with later, post-emplacement
movement towards the south. From
asynchronous bends in the seamount
chains of the Gilbert Ridge and the Toke-
lau seamounts, Koppers and Staudigel
(2005) inferred two short extensional
phases within the Nova Canton Trough (
67 Ma and 57 Ma), which might be re-
lated to a re-activation of the trough or
to the activity of fracture zones. If these
fracture zones were active after the Cre-
taceous spreading in the Nova Canton
Trough, they can at least partly account
for the offset between reconstructed and
calculated paleo-latitudes (Fig. 6.7). We,
therefore, infer an emplacement of On-
tong Java Nui between 18° and 40° S (Fig.
6.8a).
The absolute plate motion of the Pacific
Plate during the Cretaceous is vaguely
constrainedbydirectmeasurements from
basaltic flows, but a hook-like shapeof the
65
CHAPTER 6. PLATE TECTONIC RECONSTRUCTION OF ONTONG JAVA NUI
absolute polar wander path is proposed (Sager, 2006; Wessel and Kroenke, 2008). Unfortu-
nately, the data from theOntong Java Plateau do not fit this path. Sager Sager (2006) suggests
a decoupling of the northern and southern Pacific Plate – including the Ontong Java Plateau
– during the Cretaceous. Paleo-plate boundaries are not observed within the Jurassic Pacific
Plate, which makes this uncoupling rather unlikely. If the Pacific Plate and the Ontong Java
Plateau were coupled during the early Cretaceous, we can infer that the rotation of the Ontong
Java Plateau was at least partly also performed by the Pacific Plate. It is also important to ac-
count for the possible Neogene intraplate motion, which occurred at the Nova Canton Trough
(Koppers and Staudigel, 2005). Unfortunately, the data needed to distinguish between these
scenarios are not available. In addition, the southern hemisphere Pacific is underrepresented
in the calculations of the rotation poles (Sager, 2006), which might be a cause for an under-
estimate of possible rotations. To be able to constrain the motion of the Pacific Plate before
its connection to the global plate tectonic circuit, it is necessary to obtain a better insight in
the internal plate motion of the Pacific Plate and a closer grid of basement samples from both
hemispheres. In our reconstruction, we assume a rotation of the Pacific Plate along with the
Ontong Java Plateau based on Chandler et al. (2013).
6.5.2 The initial break-up of Ontong Java Nui – evaluation of the break-up mecha-
nisms on oceanic LIPs (120-116 Ma)
The development of break-upmargins can be traced along all margins of the Manihiki Plateau.
The initial break-up of the “Super”-LIP was rather complex and included multiple tectonic de-
formations such as shearing and crustal stretching before the establishment of clear spreading
centers (Fig. 6.8b). The relicts of these first movements between the oceanic LIPs and within
the Manihiki Plateau are imprinted in the nature of the different margins (Fig. 6.3). The mag-
matic activity was still strong on the plateaus (Hoernle et al., 2010; Inoue et al., 2008; Pietsch
and Uenzelmann-Neben, 2015), leading to alteration andmagmatic overprinting of the tectonic
sutures. We present the tectonic mechanisms initiating the break-up of Ontong Java Nui and
the fragmentation of the Manihiki Plateau in an anti-clockwise fashion beginning in the south,
where the Osbourn Trough is located (Fig. 6.1) (Billen and Stock, 2000; Downey et al., 2007;
Worthington et al., 2006). The first motion between the Hikurangi Plateau and the Manihiki
Plateau occurred at the southern Western Plateaus and the conjugate Rapuhia Scarp, where a
rifted margin was identified (Fig. 6.4). This rapid separation was followed by a phase of crustal
stretching at the southern High Plateau and the eastern Hikurangi Plateau, possibly including
an anti-clockwise motion (Fig. 6.8b). Normal faults are identified in seismic reflection data
(Pietsch and Uenzelmann-Neben, 2015). The presence of a HVZ within the Samoa Basin can
be attributed to the later overprint of the presence of the Tahiti-Society Islands hotspot at the
Manihiki Plateau (Pietsch and Uenzelmann-Neben, submitted) (Fig. 6.3b) and is not a relict of
the “Super”-LIP break-up. To the east, the Osbourn Trough intersects with the Manihiki Scarp.
This shearing zone (Fig. 6.3a) can be traced along the eastern High Plateau and established
itself as the eastern plate boundary of the Manihiki Plateau (Fig. 6.1). As Larson et al. (2002)
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proposed, the triple junction between the Pacific, Farallon and Phoenix Plates jumped to the
northeastern corner of the Manihiki Plateau, the northern end of the Tongareva Triple Junction
Trace (Figs. 6.1 and 6.8). This gravity anomaly trace is the relict of the southward motion of the
triple junction.
Seton et al. (2012) in their model divided the Farallon Plate in a northern Farallon Plate north
of the Clipperton FZ and a southern Farallon Plate called the Chasca Plate. The Phoenix Plate
is called Catequil Plate in their reconstruction. To allow a better comparison between those
reconstructions we also separate between a northern and a southern Farallon Plate (Figs. 6.8b
and 6.9a-c). The eastern fragment of the Manihiki Plateau is incorporated into the Phoenix
Plate along theManihiki Scarp andmoves southwards (Figs. 6.8b and6.9a-c). The northeastern
fragment of the Manihiki Plateau becomes part of the southern Farallon Plate (Chasca Plate).
The northern margin of the Manihiki Plateau is mostly unsurveyed, but bathymetry (Nakanishi
et al., 2015) and gravity data (Sandwell et al., 2014) indicate the presence of massive tectonic
activity, possibly related to shearing processes. We propose a fast clock-wise rotation of the
northeastern fragment of the Manihiki Plateau, resulting in multiple ridges (Fig. 6.1) and the
possible extension of the crust on the northern High Plateau (Fig. 6.2).
Figure 6.7: Comparison of paleo-latitude data (hatched area
of possible emplacement of Ontong Java Nui),
calculated isochrones (dashed lines) (Seton et al.,
2012) and magnetic anomaly picks (continuous
lines) (Nakanishi et al., 1992). The grey area indi-
cates the Ontong Java Plateau in relation to the
magnetic anomaly picks.
Additional to these major break-up
scenarios, the Manihiki Plateau is
fragmented into its sub-provinces.
At the Danger Islands Troughs, the
division into the Western Plateaus
and the High Plateau is manifested
by a series of pull-apart basins
(Hochmuth et al., in review), which
show a similar rotation as pro-
posed for the Ontong Java Plateau.
The Western Plateaus seem to
have moved with the Ontong Java
Plateau during the initial phase of
break-up (Fig. 6.8b), leading to
faulting and stretching of the crust.
Therefore the thinner crust of the
Western Plateaus (Fig. 6.3c) can
result from a combination of the
emplacementmechanism and tec-
tonic stress during the break-up of
Ontong Java Nui (Figs. 6.6 and
6.8b). The Hikurangi Plateau and Ontong Java Plateau are separated by the former spreading
center between the Pacific and Phoenix Plate, which possibly developed a transform motion
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(Figs. 6.8b and 6.9a). The reconstruction in this area is very difficult and can only be achieved
by crude assumptions of the subducted seafloor. Musgrave (2013) proposed an additional triple
junction in this area to account for the so-called Malaita Terranes. In his study, Musgrave Mus-
grave (2013) omits the rotation of the Ontong Java Plateau (Chandler et al., 2013). This rotation
enables to reconstruct the Malaita terranes, which lay on 160 Ma old crust, without additional
plate boundaries.
6.5.3 Dispersal of Ontong Java Nui over the Pacific Ocean
After the initial break-up, which involved a tremendous (up to 200 kmat theWestern Plateaus)
amount of crustal stretching, short-lived spreading centers and rotational forces, the plate
boundaries stabilized (Fig. 6.9a). The timing of the stabilization correlates with the fading
of massive volcanic activity on the Manihiki Plateau (Pietsch and Uenzelmann-Neben, 2015).
Therefore, the influence of the plume ceased and secondary phases of magmatic stages show
a clearly weaker and more localized volcanic emplacement. The Osbourn Trough developed
a spreading half-rate of 10 cm/a (116-100 Ma) and significantly slows down the production
of new crust after the soft-docking of the Hikurangi Plateau at the Chatham Rise (Davy, 2014;
Davy et al., 2008) (Fig. 6.9b). The interaction with the Chatham Rise also introduces a rotation
of the Hikurangi Plate, which can also be observed in the change in orientation of the Osbourn
Trough (Fig. 6.9b) (Davy, 2014). The morphology of the Osbourn Trough resembles a slow-
spreading ridge (Billen and Stock, 2000;Downey et al., 2007). Therefore, we propose a change
in orientation from NW-SE to W-E after the soft-docking of the LIP crust at the continental
Chatham Rise and a slowing of the spreading rate to 3 cm/a, which is consistent with pre-
vious publications calculating spreading rates (Billen and Stock, 2000; Downey et al., 2007).
The Hikurangi Plate partly subducted beneath the Gondwana Margin at the location of the
Chatham Rise (Fig. 6.9a). This docking event has a great impact on the whole western Pacific
and led Matthews et al. (2012) to propose that kinks within fracture zones can be correlated
and dated to this event. In our reconstruction, we also link re-orientations of fracture zones
observed on the Hikurangi Plate andManihiki Plate to this time frame (Fig. 6.1). To the East, the
Wishbone Scarp a short-lived interoceanic subduction zone develops (Mortimer et al., 2006),
representing the plate boundary between the Phoenix (Catequil) Plate and the Hikurangi Plate
(Fig. 6.9b). The Hikurangi Plate subducts below the Phoenix Plate at this location. The shape
of the Wishbone Scarp gives further indication of a clockwise rotation of the Hikurangi Plate
after the initial collision with the Chatham Rise (Fig. 6.1). The Manihiki Plateau was decoupled
from the Pacific Plate by the Clipperton Fracture Zone and moved eastwards (Fig. 6.9a). The
motion at the Danger Islands Troughs stopped at around 110 Ma due to the establishment of
an oblique spreading within the Nova Canton Trough (Figs. 6.9a and 6.9b). This indicates, that
the different sub-provinces of the Manihiki Plateau acted as individual plates for a short time,
but still inherited significant differences within their crustal structure during the initial break-
up of Ontong Java Nui. For the Nova Canton Trough, a scissor-like opening was proposed by
Taylor (2006) and Chandler et al. (2012), separating the Ontong Java Plateau from the Manihiki
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Table 6.3: Overview on the tectonic events in the western Pacific from >125 to 83 Ma
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Figure 6.8: Tectonic evolution of the Western Pacific during the CNS. The model shows the plate kine-
maticmodel of Seton et al. (2012) with updated rotation poles for theWestern Pacific region
obtained in this study. The fixed plate is the Pacific Plate; gravity anomaly map taken from
Sandwell et al. (2014); plate boundaries (relevant for the reconstruction) are marked in black,
continental fragments are shown in grey with today’s coast lines in black for better orien-
tation; light grey areas shows seafloor, which has been subducted; Ontong Java Nui related
LIPs are marked in orange and yellow for the Manihiki Plateau; the red star indicates the po-
sition of the Tongareva Triple Junction; MANI = Manihiki Plate, HIK = Hikurangi Plate (a) 125
Ma (b) 117 Ma
Plateau with an additional rotational component (Figs. 6.9a and 6.9b). After the hard-docking
of the Hikurangi Plateau with the Chatham Rise, subduction at the Gondwana margin ceased,
leading to one of the largest re-organizations within the plate tectonic framework of the Pacific
(e.g. Luyendyk, 1995). Seafloor spreading ceased around the Manihiki Plateau and between the
different fragments of Ontong Java Nui (Fig. 6.9c). With the establishment of the spreading
in the Bellingshausen Sea (e.g. Eagles et al., 2004; Wobbe et al., 2012) the different plateaus
are firmly integrated into the Pacific Plate. Younger tectonic activity can mainly be related to
hotspot volcanism. Koppers and Staudigel (2005) identified tectonic activity within the area of
the Nova Canton Trough at 67 and 57Ma leading to the re-orientation of the Gilbert Ridge and
the Tokelau seamount chain, respectively. Multiple fracture zones are identified at the junction
between the Nova Canton Trough and the Clipperton FZ as well as at the central Nova Canton
Trough (Fig. 6.5). This motion may have been responsible for the southward motion of the
Ontong Java Plateau and the re-activation of the Nova Canton Trough as well as the creation
of the Suvarov Trough on the Manihiki Plateau (Pietsch and Uenzelmann-Neben, submitted). In
summary, we updated rotation poles (Tab. 6.4) for the different plates of the western Pacific
by considering and incorporating concepts such as the rotation of the Ontong Java Plateau and
the Hikurangi Plateau and the presence of a subduction zone at the Wishbone Scarp, which
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Figure 6.9: Tectonic evolution of the Western Pacific during the CNS. The model shows the plate kine-
matic model of Seton et al. (2012) with updated rotation poles for theWestern Pacific region
obtained in this study. The fixed plate is the Pacific Plate; gravity anomaly map taken from
Sandwell et al. (2014); plate boundaries (relevant for the reconstruction) are marked in black,
continental fragments are shown in grey with today’s coast lines in black for better orien-
tation; light grey areas shows seafloor, which has been subducted; Ontong Java Nui related
LIPs are marked in orange and yellow for the Manihiki Plateau; the red star indicates the po-
sition of the Tongareva Triple Junction; MANI = Manihiki Plate, HIK = Hikurangi Plate, B.P. =
Bellingshausen Plate (a) 110 Ma (b) 100 Ma (c) 83 Ma
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Table 6.4: relative stage rotations of the Ontong Java Nui related LIPs to the Ontong Java Plateau (fixed
to Pacific Plate), while acting as individual plates
have previously not been modeled in a plate kinematic context. Our reconstruction is based
on the presence of the LIPs in the western Pacific and gives a detailed history of the early
stages of break-up as visible at the plateaus margins. We additionally present evidence for
post-Cretaceous tectonic activity in the area of the Nova Canton Trough, which possibly allows
the reconciliation between the reconstructed latitudes and paleolatitudes obtained from rock
samples.
6.6 Conclusions
The Large Igneous Provinces of the western Pacific play an important role within the plate
tectonic framework of the region. By evaluating possible emplacement scenarios of a joined
emplacement of the Ontong Java Nui related LIPs, an interaction between an arriving plume
head and the Pacific-Phoenix ridge can explain the individual crustal structure of the oceanic
plateaus. Seismic refraction and reflection data, along with bathymetry and gravity measure-
ments shed light on themulti-facedbreak-upmechanismsof the “Super”-LIP. The initial break-
up includes short-lived spreading centers to the north and east of the Manihiki Plateau, crustal
stretching at theWestern Plateaus and the southernHigh Plateau and shearing forces along the
Manihiki Scarp. The sub-provinces of the Manihiki Plateau acted as individual plates. Whereas
the Western Plateaus rotated along with the Ontong Java Plateau resulting in the pull-apart
basins of the Danger Islands Troughs, the High Plateau shows clear break-up margins to all
parts of Ontong Java Nui. The updated version of rotational parameters for the Western Pa-
cific includes the individual plates of the Manihiki Plateau as well as the rotation of the Ontong
Java Plateau and the Hikurangi Plateau, which have so far been excluded from plate kinematic
reconstructions. Late Cretaceous and early Paleocene tectonic activity within the Nova Can-
ton Trough allows the reconciliation between the paleolatitudes from rock samples and the
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modeled latitudes.
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7 From the western Pacific to the An-
des andAntarctica: TheManihiki Plateau
on the move
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1Alfred-Wegner Institut Helmholtz-Zentrum für Polar- und Meeresforschung
Abstract
The continents encircling the Pacific Ocean are fringed with terranes of which some are of
oceanic origin. Finding the original location of these volcanic terranes in the context of their
larger emplacement realm has remained a challenge. The present Manihiki Plateau, a Large Ig-
neous Province (LIP), was emplaced in the early Cretaceous originallywith additional fragments
to the Northeast and East. Plate kinematic reconstructions suggest the capturing of these frag-
ments by the Farallon Plate and the Phoenix Plate, respectively. By tracing these fragments, we
report a Palaeocene collision of the northeastern Manihiki Plateau fragment with the northern
South American craton. The northern Andes exhibit multiple terranes of LIP origin. We infer
that the Piñón formation consist of lower crustal units of the former Manihiki Plateau. A mid-
Cretaceous collision of the eastern Manihiki Plateau fragment can be reconstructed for West
Antarctica. The complete subduction of this fragment in the Palmer Land region initiated two
collisional stages and a flattening of the subduction slab. The association between present
LIPs of the western Pacific, their possible remnants and across-Pacific collision zones allows
an insight to the complicated interplay between LIPs, the plate tectonic framework, andmod-
ifications of subduction margins from a new angle.
Keywords:
Large Igneous Provinces, Ontong Java Nui, Plate Tectonics, Pacific Ocean, Interaction oceanic
plateau-subduction zone, Manihiki Plateau
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7.1 Introduction: Large Igneous Provinces in the plate circuit
Oceanic plateaus and oceanic Large Igneous Provinces (LIP) (Coffin and Eldholm, 1994) (Fig. 7.1)
play an important role in the plate tectonic circuit, since they alter or radically transform the
behavior of the oceanic plate and its boundaries. In the Pacific realm, a wide variety of in-
teraction of oceanic plateaus with subduction zones can be observed, which range from the
accretion of terranes (e.g. Malaita terranes) (Ishikawa et al., 2005; Musgrave, 1990) and sub-
sequent blocking of the subduction zone at the Ontong Java Plateau (Coleman and Kroenke,
1981;Mann and Taira, 2004;Miura et al., 2004; Petterson et al., 1999; Taira et al., 2004) to the
complete subduction of the oceanic plateau below the Americas (Gutscher et al., 1999; Liu et al.,
2010) (Fig. 7.1). Furthermore, the collision of LIPs with continental margins have been associ-
ated with the evolution of mountain ranges such as the Laramide orogeny (Liu et al., 2010),
or the southern Alps of New Zealand (Reyners et al., 2011). The Pacific subduction margins of
North and South America illustrate the interaction with oceanic plateaus in various stages and
time frames. Oceanic plateaus, which subducted beneath North America include the conju-
gate of the Shatsky Rise in the middle Cretaceous (Liu et al., 2010) and the conjugate of the
Hess Rise in the late Cretaceous (Fig. 7.1) (Liu et al., 2010). The Inca Plateau influenced the
subduction at the South American trench during the Miocene (Gutscher et al., 1999) and the
Nazca Ridge within recent times (Fig. 7.1). The Iquique Plateau is currently approaching the
subduction zone. Overthickend oceanic crust is often invoked as the origin of accreted mafic
terranes (e.g. Mamberti et al., 2003; Tejada et al., 1996), but their emplacement location along
with possible remnants is not well constrained. The main challenges for connecting onshore
terranes of oceanic plateau origin with their marine conjugates are the great distance between
the emplacement areas of the LIP and today’s location, considering uncertainties of plate tec-
tonic reconstructions and the alteration and overprint that these terranes experienced during
the accretionary process. We use a detailed new plate kinematic model of the Cretaceous
western Pacific (Hochmuth et al., 2015) which focuses on the break-up and subsequent dis-
persal of the Ontong Java Nui “Super”-LIP. This LIP was emplaced during the early Cretaceous
(Taylor, 2006) and rifted apart during the Cretaceous Normal Superchron (CNS) (120-83 Ma)
(Davy et al., 2008; Taylor, 2006). Previous studies focused only on the main units and sub-
plateaus of Ontong Java Nui, omitting smaller fragments. We trace the plate tectonic motion
of these fragments and provide insight in projected regions of their subduction and terrane ac-
cretion. This allows an insight into deeper crustal layers of oceanic plateaus, possibly revealing
emplacement mechanisms of LIPs. A detailed reconstruction also sheds light on the role of
LIP fragments and terranes in the plate circuit of the Pacific Ocean.
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Figure 7.1: Overview on the LIPs of the Pacific Ocean and their subducted remnants. Present LIPs are
marked in red, areas of subduction are in light blue. The dark blue areas indicate the possi-
ble areas of subducted former northeastern (NE) and eastern (E) fragments of the Manihiki
Plateau at the northwestern South America and West Antarctica margins. Previously iden-
tified joinedly emplaced LIPs are connected by dashed lines. Present plate boundaries are
marked with grey lines. The insert map shows the different sub-provinces of the Manihiki
Plateau and the position of the parts of Ontong Java Nui encircling the Manihiki Plateau.
7.2 Geological setting: Ontong Java Nui and its remnants
Taylor (2006) proposed the emplacement of the threemajor LIPs of thewestern Pacific region
(Fig 7.1) – Ontong Java Plateau, Manihiki Plateau andHikurangi Plateau – as a single “Super”-LIP,
named Ontong Java Nui. Shortly after its emplacement within the early Cretaceous (Hoernle
et al., 2010; Timm et al., 2011) this “Super”-LIP breaks apart (Davy et al., 2008;Hochmuth et al.,
2015; Taylor, 2006; Viso et al., 2005). Crustal models from seismic reflection and refraction
data allow a detailed study of this “Super”-LIP break-up (Hochmuth et al., 2015). Whereas the
Manihiki Plateau experiencedmainly internal fragmentation and has no direct interaction with
recent plate boundaries, the Hikurangi Plateau and the Ontong Java Plateau have interacted
with the Kermadec-Tonga-Solomon Trench of the Australian Plate boundary. The Hikurangi
Plateau collided with and partially subducted below the Chatham Rise within the early Creta-
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ceous (Davy et al., 2008;Reyners et al., 2011;Timmet al., 2014) (Fig 7.1). TheOntong Java Plateau
blocks the subduction of the Pacific Plate below the Australian Plate and caused a change in
subduction direction (e.g. Coleman and Kroenke, 1981;Mann and Taira, 2004;Miura et al., 2004;
Petterson et al., 1999; Taira et al., 2004). Prior to the cessation of subduction, multiple small
fragments have been obducted as part of the island arc such as the Malaita terranes (Mus-
grave, 1990). In addition to the three largest parts of Ontong Java Nui, smaller fragments to the
northeast and the east of the Manihiki Plateau have been proposed (Fig 7.1) (Hochmuth et al.,
2015; Larson et al., 2002; Pietsch andUenzelmann-Neben, 2015;Viso et al., 2005). The true size
of these fragments can only be estimated by comparison with areas of similar emplacement
history such as the northern Ontong Java Plateau (Mochizuki et al., 2005) or the subducted
parts of the Hikurangi Plateau (Reyners et al., 2011). In these regions, the undisturbed transi-
tion between overthickend LIP crust, which would correspond to the High Plateau and normal
oceanic crust, in this case the Phoenix Plate can be observed. Pietsch and Uenzelmann-Neben
(2015) show a continuation of intra-basalt seismic reflector bands towards the eastern High
Plateau of the Manihiki Plateau, which terminates at the Manihiki Scarp. Deeper layers indicate
also the former presence of overthickend crust by the sudden termination of the high velocity
zone above the Moho below the Manihiki Scarp (Hochmuth et al., 2015). We infer an approxi-
mated emplacement areawith a radius of 500 kmof the fragments (Fig 7.1) by the initial crustal
thickness obtained fromseismic refractiondata (20 km) and the undisturbed leveling tonormal
oceanic crust within the overlying basaltic units as seen on the northern Ontong Java Plateau.
The true magmatic volume of the fragments cannot be calculated from the available datasets.
The current locations of the northeastern and eastern fragments of the Manihiki Plateau can
be derived by carefully reconstructing their plate kinematic paths across the Pacific region and
by geophysical and geological observations from their predicted present locations.
7.3 Results of plate kinematic modeling of the Pacific Ocean (Creta-
ceous – Paleogene)
Our presented plate kinematic model of the Pacific is based on the global reconstruction by
Seton et al. (2012) for the time after the CNS and the reconstruction of the initial break-up of
Ontong Java Nui for the time of the initial emplacement until chron C34 (83 Ma) by Hochmuth
et al. (2015).
7.3.1 Northeastern Manihiki Plateau fragment
A former northeastern continuation of theManihiki Plateau beyond its present extent has been
proposed from bathymetric and gravimetric observations by multiple authors (Larson et al.,
2002; Viso et al., 2005). Its size is constrained by the presence of the Clipperton Fracture Zone
(FZ) to theNorth. The northeastern fragmentwas separated from theManihiki Plateau by a fast
clockwise rotation and captured by the Farallon Plate shortly after the break-up of Ontong Java
Nui (Hochmuth et al., 2015; Viso et al., 2005). Its motion across the Pacific is confined by the
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spreading rate between the Pacific Plate and Farallon Plate (Seton et al., 2012) (Fig 7.2a). The
plateau fragment was trapped between the Clipperton FZ and the Galapagos FZ, which allow
tracing its motion. It was transported towards the South American craton, where it arrived
during the Paleocene at today’s northern Andes of Ecuador and Colombia (Fig 7.2).
Figure 7.2: Paleocene collision of the northeastern fragment of theManihiki Plateau (NE) with the South
American craton: a) plate tectonic setting at 60 Ma with the motion path of the fragment
(dotted lines), subduction trench (yellow) and Pacific-Farallon spreading (dark grey line); b)
simplified geological map of the northern Andes afterMamberti et al. (2004) and Cediel et al.
(2003) with marked Cretaceous LIP remnants
7.3.2 Eastern Manihiki Plateau fragment
Seismic reflection and refraction seismic data show strong evidence of the former presence of
aneastern fragmentof theManihiki Plateau (Hochmuth et al., in review;Pietsch andUenzelmann-
Neben, 2015). The break-up between the High Plateau of the Manihiki Plateau and the eastern
fragment involved a large shearing zone at the Manihiki Scarp (Fig. 7.1) and short-lived spread-
ing centers (Hochmuth et al., 2015; Larson et al., 2002; Viso et al., 2005). The plate boundary
between the Manihiki Plateau and the Phoenix Plate is defined by the Tongareva Triple Junc-
tion trace (Fig. 7.3a). We can, therefore, limit the possible collision area between the eastern
fragment and the eastern Gondwana margin of present West Antarctica to the area west of
the Tongareva Triple Junction and east of the Chatham Rise where the Hikurangi Plateau sub-
ducted (Fig. 7.3). The entire motion between the eastern fragment and the Manihiki Plateau
took place during the CNS. Since magnetic spreading anomalies are absent during this time
period, we constrain the motion by seafloor fabric such as fault systems as well as major tec-
tonic events (Fig. 7.3a). TheHikurangi Plateau hard-docked to the ChathamRise approximately
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between 105 and 100 Ma (Davy, 2014), ceasing the southward subduction. We predict a sim-
ilar timeframe for the interaction of the eastern fragment with the subduction zone along the
present Bellingshausen Sea margin of West Antarctica. Collision and subduction must have
occurred within the Alexander Island and Palmer Land region (Figs. 7.3b,c).
7.4 The Manihiki Plateau on the move
7.4.1 Oceanic terranes of the northern Andes: Resting place of Manihiki Plateau
fragment
The northern Andes and the adjacent Caribbean region, the projected area of collision of the
northeastern Manihiki Plateau fragment during the Paleocene, are a mosaic of countless ter-
ranes of oceanic and continental origin (see e.g. Boschman et al., 2014, and references therein
for an overview) (Fig. 7.2b). The Caribbean Large Igneous Province (CLIP) emplaced at about 90
Ma and can be attributed to the Galapagos hotspot (e.g.Hill, 1993). Hoernle et al. (2004b) iden-
tified evidence of earlier plume activity in the region and argue formultiplemagmatic episodes
spanning 70 million years. After the main emplacement phase of the CLIP, very young and,
therefore, still buoyant LIP crust collided with the South American craton, resulting in terrane
aggregation (Jaillard et al., 2009; Kerr and Tarney, 2005; Mamberti et al., 2003). Other ter-
ranes of the region are older than the CLIP event, dating in the early Cretaceous, such as the
San Juan terranes and the Piñón formation in Ecuador and Columbia (Fig. 7.2b) (Jaillard et al.,
2009; Mamberti et al., 2003; Reynaud et al., 1999) and the Chortis Block in Costa Rica (Ho-
ernle et al., 2004b), making them possible candidates to be remnants of the Manihiki Plateau
fragment. The Gorgona Plateau, which is obducted at Gorgona Island, shows an emplacement
age of 90 Ma, comparable to that of the CLIP, but was accreted to the South American craton
in the Paleocene (Kerr and Tarney, 2005). Paleolatitude calculations provide an emplacement
latitude between 26 °S and 30°S (Kerr and Tarney, 2005), which is also the emplacement lat-
itude of the northern Manihiki Plateau (Cockerham and Jarrard, 1976; Hochmuth et al., 2015).
The age of the accreted overthickened LIP crust plays, along with the igneous volume and
the crustal thickness, a crucial role for the interaction with the subduction zone (Cloos, 1993).
Whereas a young LIP resists subduction due to its buoyancy, older LIPs are less buoyant and
can be subducted. The northeastern fragment of the Manihiki Plateau has a maximum crustal
thickness of 20 km and arrived 60 Myrs after its emplacement at the subduction zone, ac-
cording to our plate kinematic model. A possible analog for this interaction is the subduction
of the counterpart of the Shatsky Rise below southern California, which led to a flattening of
the subduction slab and triggered, after the basalt-eclogite transformation, the build-up of the
Laramide orogen (Liu et al., 2010). Another similar set-up can be observed at the Inca Plateau
in the Peruvian Andes (Fig. 7.1), where a flat subduction slab is present (Gutscher et al., 1999).
The counterpart of the Inca Plateau, the Marquesas Plateau, shows a similar crustal thickness
of 17 km (Caress et al., 1995) as the Manihiki Plateau. But can a flattening of the subduction slab
also be observed in the northern Andes? The northern Andes are an amagmatic arc between
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140 Ma and 40 Ma (Jaillard et al., 2009). Therefore, subduction mechanisms differ from the
magmatic-arc central Andes including a north-south trending shearing component. Thismight
lead to the presence of oceanic plateau slivers such as the San Juan terranes or the Piñón for-
mation within the northern Andes (Fig. 7.2b). The Piñón formation shows strong geochemical
similarities to the Ontong Java Plateau formation, is dated at 123 Ma (Reynaud et al., 1999) and
was obducted during a secondary large accretional event within the Paleocene. The San Juan
formation is of the same age, is also attributed to a LIP event (Mamberti et al., 2003; Reynaud
et al., 1999), but was accreted to the South American craton in the early Campanian during a
firstmajor accretion phase (Reynaud et al., 1999). Therefore, we suggest from the available data
that the Piñón formation is themost likely remnant of the northeastern fragment of the Mani-
hiki Plateau. Seismic refraction studies by Graindorge (2004) indicate P-wave velocities of 6.1
km/s to 7.0 km/s, which is comparable to those of the middle and lower crust of the Manihiki
Plateau. A high velocity zone (P-wave velocities >7.3 km/s), as present in the lower crust of
the Manihiki Plateau (Hochmuth et al., 2015, in review), could not be resolved in the presented
data. The Piñón formation is severely faulted and overlain by Cenozoic to recent sediments of
theManabí Basin (Mamberti et al., 2004). By comparing the estimated size of the northeastern
fragment and theoceanic terraneswithin thenorthernAndes, we infer that parts of theplateau,
probably those of thinner crustal thickness, and most of the lowermost crust have been sub-
ducted in this region. Paleolatitude calculations provide strong indications for the ophiolites of
Gorgona Island to have been a part of the Manihiki Plateau. They were dated to be about 90
Ma old and therefore not emplaced during the initial Ontong Java Nui event within the early
Cretaceous (Kerr and Tarney, 2005). This age correlates to the secondary magmatic phases of
the Manihiki Plateau (Hochmuth et al., in review; Pietsch and Uenzelmann-Neben, 2015), but it
is uncertain whether this magmatic phase occurred on all fragments, although both the Hiku-
rangi Plateau and the Ontong Java Plateau experienced multiple phases of magmatic activity
(Hoernle et al., 2010; Inoue et al., 2008). The northeastern fragment of the Manihiki Plateau
could also have experienced further fragmentation and alteration during the accretionary pro-
cess, breaking the plateau into allochthon terranes comparable to the Ontong Java Plateau at
the Solomon Islands (Mann and Taira, 2004;Musgrave, 1990; Petterson et al., 1999). The pres-
ence of the LIP remnant as an accreted terrane within the northern Andes allows an insight
into the lower crust of the present Manihiki Plateau, which cannot be sampled in its marine
setting. For instance, physical, petrological and geochemical properties of the lower crust and
the high velocity zone above theMoho, which is a key characteristics in LIP identifications (Cof-
fin and Eldholm, 1994; Ridley and Richards, 2010), or even of the Moho can be tested in such an
in-situ like situation. The unique amagmatic setting of the South American subduction zone in
the northern Andes allows the preservation ofmigrated LIP fragments, which would otherwise
have been subducted such as those of the conjugate Hess Rise and the Inca Plateau.
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Figure 7.3: Mid-Cretaceous collision of the eastern fragment of the Manihiki Plateau (E) with the Gond-
wana margin of West Antarctica: a) plate tectonic setting at 105 Ma; dotted lines mark the
motion path of the eastern fragment along mapped fracture zones (light grey). Dark grey
lines indicate spreading centers, yellow lines indicate subduction zones. b) Marine gravity
anomaly map after Sandwell et al. (2014) c) Magnetic anomaly map afterMaus et al. (2009).
The green circle in both figures marks the position of the Charcot magnetic anomaly and
Charcot Island west of Alexander Island (A.I.).
7.4.2 Palmer Land events: initiated by LIP subduction?
As opposed to the identification of possible remnants of theManihiki Plateauwithin the north-
ernAndes, which canbebasedonawide variety of fieldwork andpublisheddata, theprospected
collision site of the eastern fragment of theManihiki Plateauwithin the Bellingshausen Sea and
Palmer Land of present West Antarctica has been only scarcely investigated and mapped due
to ice coverage. Rock outcrops are few and extremely difficult to access and sample. The iden-
tification of possible LIP fragments is based on the few available rock samples and geophysical
data from the area (Fig. 7.3b,c). The presence of a flattened subduction slab analog to the Inca
Plateau cannot be used as an indicator for LIP subduction, as the plate tectonic setting changed
dramatically from an active subduction to a passive margin since the Cretaceous. The Pacific
realm of West Antarctica has been described as a mosaic of different terranes – similar to the
northern Andes – which were accreted since the establishment of the eastern Gondwana sub-
duction margin (e.g. Ferraccioli et al., 2006). The subduction was supposedly stopped by the
hard-docking of the Hikurangi Plateau, part of former Ontong Java Nui, at the Chatham Rise
of Zealandia (conjugate of present Marie Byrd Land sector of Antarctica) at 105-100 Ma (Fig.
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7.3a) (Davy, 2014;Davy et al., 2008). Unlike the Hikurangi Plateau, the eastern fragment of the
Manihiki Plateau, which is also about 25m.y. old by its arrival at the subduction zone, seems to
have subducted completely. Along with age and the subduction mode, the crustal thickness is
the main factor that determines whether an oceanic plateau is subducted or not (Cloos, 1993).
The crustal thickness of the Hikurangi Plateau has been derived from gravity anomaly model-
ing to be between 15 km (Davy and Wood, 1994) and 23-25 km (Davy et al., 2008). The larger
thickness is comparable to that of the Manihiki Plateau (20 km for High Plateau) (Hochmuth
et al., in review) and the Ontong Java Plateau (>30 km) (Miura et al., 2004). The eastern Mani-
hiki Plateau fragment must have had a maximum crustal thickness of 20 km at its break-up
margin at the Manihiki Scarp with decreasing thickness towards its outer margins at the fringe
of Ontong Java Nui. It is, therefore, comparable to the subducted thinner part of the Hikurangi
Plateau (Reyners et al., 2011). We suggest that the complete subduction of the eastern Manihiki
Plateau fragment was possible due to its smaller crustal thickness in comparison to that of the
Hikurangi Plateau. Our study suggests that the break-up between Zealandia andWest Antarc-
tica, which occurred after the hard-docking of theHikurangi Plateau in themid-Cretaceous (e.g.
Eagles and Vaughan, 2009; Larter et al., 2002), was preceded by the subduction of the east-
ern fragment of theManihiki Plateau. The presence of relatively young buoyant LIP crust could
cause a the flattening of the subducting slab (Gutscher et al., 1999, 2000). A flattened slab leads
to the emplacement of adakites within the volcanic arc (Gutscher et al., 2000). In the Palmer
Land region, adakitic rocks crop out (Wareham et al., 1997) and point to a mixing of different
magmatic sources including a young (< 25M. yr.) oceanic component, which corresponds to the
age of the LIP fragment. Vaughan et al. (2012) identified two distinct kinematic phases in the
Palmer Land region they called the Palmer Land Events with phase 1 (about 107Ma) and phase
2 (about 103 Ma). Both events fall into the projected collision time of the eastern fragment of
the Manihiki Plateau with the margin. Whether the two distinct phases can be associated with
soft- and hard-docking events or rotation of the fragment comparable to that of the Hikurangi
Plateau (Davy, 2014) cannot be distinguished from our reconstruction. But as the geological
evidence indicates two different paleo-strain axes (Vaughan et al., 2012), a modification of the
collision pattern such as a rotation analog to the Hikurangi Plateau (Davy, 2014) seems plau-
sible. A possible candidate to host remnants of the eastern fragment of the Manihiki Plateau
may be the yet unexplained, strong Charcot magnetic anomaly, which lies at the continental
margin of the Palmer Land Event orogen west of Alexander Island (Fig. 7.3b,c). Petrological
samples from Alexander Island point to multiple phases of northward moving magmatic ac-
tivity related to the subduction of young oceanic crust, whichmay be related to the subduction
of the colliding Pacific-Phoenix oceanic spreading ridge (McCarron and Larter, 1998) or to pres-
ence of an oceanic plateau fragment, although the composition of dykes does not change in
this time frame (Scarrow et al., 1998). The presence of an oceanic LIP fragment in the area of
Palmer Land and Alexander Island seems plausible, although the exact area and impact of the
collision or subduction cannot be better constrained. However, the presence of adakitic rocks
indicate a slab flattening induced by the subduction of an oceanic plateau. The identification
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of LIP fragments withinWest Antarctica enhances the understanding of the tectonic and geo-
dynamic evolution this region, which is a crucial piece towards consistent global plate tectonic
models and the connection between the Pacific and Atlantic/Indian plate circuit.
7.5 Conclusions: The impact of Ontong Java Nui on the Pacific evo-
lution
Ontong Java Nui emplaced during the Early Cretaceous and disintegrated into multiple frag-
ments within a relative short period of time. Whereas the Manihiki Plateau – as its center-
piece – is located far from any present plate boundaries, all other fragments interacted with
the circum-Pacific subduction zones. By blocking the subduction at the Solomon Trench, the
Ontong Java Plateau initiated a subduction polarity reversal. The Hikurangi Plateau subducted
below the Chatham Rise and the South Island of New Zealand, leading to a cessation of the
subduction in this area of the eastern Gondwana margin. We trace the motions of northeast-
ern and eastern fragments of the Manihiki Plateau across the Pacific Ocean to locations where
they collided at the subduction margins of in the northern Andes and of West Antarctica, re-
spectively. We propose, based on geophysical, petrological and plate kinematic evidence, that
the Piñón formation represents the remnant of the Manihiki Plateau within the northern An-
des. The aggregation and partial subduction below the South American craton occurred during
the Paleocene. The eastern fragment of the Manihiki Plateau was completely subducted in the
area of Palmer Land of the southern Antarctic Peninsula in the middle Cretaceous, analogue
to the subducted part of the Hikurangi Plateau.
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The aim of this thesis was to improve our knowledge of the crustal and upper mantle structure
of theManihiki Plateau, aswell as its role in theplate kinematic setting of theproposed "Super"-
LIP Ontong Java Nui and the Pacific Ocean. In the following, I will summarize my findings, as
presented in the previous chapters and relate them to the research questions raised in Chapter
2. For convenience, Fig. 8.1 shows themajor geographical locations of the western Pacific, that
are discussed in this dissertation.
Figure 8.1: Bathymetric map of the western Pacific, LIPs of Ontong Java Nui are shaded in white, former




Crustal and upper mantle structure of the Manihiki Plateau
(Chapter 5)
Refraction/wide-angle reflection seismic profiling revealed the crustal structure of the two
main sub-provinces of theManihiki Plateau (Fig. 8.1), theHighPlateau and theWesternPlateaus,
for the first time. The total crustal thickness of the High Plateau is 20 km, which is compara-
ble to previously studied LIPs. A HVZ is present in the lower layers of the whole plateau. This
points to the emplacement by a hot mantle source. The upper crust of the High Plateau con-
sists of basaltic flow units of multiple volcanic phases. The eruptive centers of the secondary
magmatic phase are visible in the upper crust and can be connected to major magmatic path-
ways in the middle and lower crust. The Western Plateaus show more variation in the crustal
thickness, which decreases from 17.3 km in the East to 9.2 km in the West. Analog to the High
Plateau, aHVZ is present throughout the profile within the lower crust of the sub-province. The
crust is structured bymultiple normal fault systems. The secondary volcanism on theWestern
Plateaus is a low-volume seamount volcanism and lacks themassive emplacement of basaltic
flow units during secondary volcanic phases. Subsequently, the sub-provinces of the Manihiki
Plateau were initially emplaced as one crustal structure, but later magmatic stages differ sig-
nificantly. This magmatic and tectonic setting has not been reported from any other LIP so far.
The internal fragmentation of the Manihiki Plateau
(Chapter 5)
The fragmentation of the Manihiki Plateau into multiple sub-provinces (Fig. 8.1) with differ-
ent magmatic and tectonic histories is a unique setting inherited by the plate tectonic re-
organization of the Pacific Ocean during the early Cretaceous . The Manihiki Plateau also ex-
perienced tectonic deformation at all its margins.
The refraction/wide-angle reflection seismic profiles revealed the structure of the margins of
the plateau and of the Danger Islands Troughs, which separate the two main sub-provinces of
the Manihiki Plateau. The Danger Islands Troughs mark the border between the two tectonic
andmagmatic regimes of theManihiki Plateau.TheHigh Plateau experiencedmarginal tectonic
activity andmassivemagmatic emplacement during secondarymagmatic stages. TheWestern
Plateaus are tectonically altered and show only low-volume secondary volcanism. The troughs
developed shortly after the initial emplacement phase of the LIP and lack upper crustal lay-
ers, a typical feature of pull-apart basins. The pull-apart basins of the Danger Islands Troughs
are the result of the rotation of the Ontong Java Plateau and theWestern Plateaus prior to the
initiation of spreading at the Nova Canton Trough. Therefore, the fragmentation of the Mani-
hiki Plateau is a result of the individual motion of the different sub-provinces during the initial
break-up of Ontong Java Nui.
Further fragments of theManihiki Plateauwere previously proposed to the East and theNorth-
east of the High Plateau. The HVZ in the lower crust of the High Plateau terminates rather
abruptly at the Manihiki Scarp, a North-South trending shearing zone, where lower crustal lay-
ers are exposed at the seafloor. This indicates that the Manihiki Plateau had an eastward con-
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tinuation. This is in agreement with intrabasaltic reflections visible within the seismic reflection
data from theHighPlateau (Pietsch andUenzelmann-Neben, 2015). Gravimetry andbathymetry
data of the area proposes the presence of an northeastern fragment north of the High Plateau,
but there is no seismic data available yet from this area to support or disprove this hypothesis.
The Manihiki Plateau and the proposed "Super" - LIP Ontong Java Nui
(Chapter 6)
Thequestion, if the three largest LIPs of thewesternPacific emplaced as one single "Super"-LIP
is still highly debated in the scientific community. TheManihiki Plateauwould expose break-up
margins to all parts of the proposed "Super"-LIP. The joined emplacement between the Mani-
hiki Plateau and theHikurangi Plateau is well constrained by the former spreading center at the
Osbourn Trough (Fig. 8.1). TheNova Canton Trough, however, lacks a clear spreading center be-
tween theWestern Plateaus and the Ontong Java Plateau (Fig. 8.1). The data from theWestern
Plateaus shows multiple deep reaching normal fault sequences, which are in agreement with
crustal stretching and rifting structures. The omnipresence of a HVZ in the lower crust of the
Manihiki Plateau also indicates a prolongation of the initial plateau to the West. The direction
of the pull-apart basins of the Danger Islands Troughs is consistent with the rotation proposed
for the Ontong Java Plateau after the emplacement (Chandler et al., 2013), This points to a par-
tial rotation of the Western Plateaus and Ontong Java as a single crustal block and therefore a
joined emplacement of the Manihiki Plateau and the Ontong Java Plateau.
For reconstructing Ontong Java Nui, a variety of different tectonic andmagmatic features need
to be considered. Therefore, I mapped the structure of themargins of theManihiki Plateau and
calculated the possible overlap between the different sub-provinces due to tectonic stretch-
ing and secondarymagmatic overprint. By extrapolating this classification of themargin to the
other LIPs, Ontong Java Nui can be reassembled. Subducted fragments can be added from the
literature (Musgrave, 2013; Reyners et al., 2011) and by the extrapolation of basalt flow patterns
to the East and the North of theManihiki Plateau. This leads to an initial size of Ontong Java Nui
of 1.1 % of the Earth’s surface, which is approximately twice the size of Argentina. The different
crustal thicknesses of Ontong Java Nui can be explained by a pulsating plume, which interacted
with the Pacific-Phoenix spreading center during the emplacement of the LIP. The HVZ within
the lower crust shows the extent of the initialmagmatic emplacement area ofOntong JavaNui.
Plate-tectonic reconstruction of thewestern Pacific for the Cretaceous
Normal Superchron
(Chapters 6 and 7)
The Manihiki Plateau lays at the center of Ontong Java Nui, exposing break-up margins to all
parts of the "Super"-LIP. Since no seafloor spreading anomalies are present during the CNS,
plate motion has been traced for example by fracture zones, which act as motion paths of
the tectonic plate and traces of former plate boundaries such as the Tongareva triple junction
trace. Before the spreading centers at the Osbourn Trough (Manihiki - Hikurangi) and at the
86
CHAPTER 8. CONCLUSIONS
Nova Canton Trough (Ontong Java - Manihiki) were established at 118 Ma and 100 Ma respec-
tively, the break-up of Ontong Java Nui was amosaic of rifting, transform and rotational forces.
The eastern and northeastern fragment were captured by the Phoenix and Farallon Plates, re-
spectively. The soft-docking of the Hikurangi Plateau and the ChathamRise initiated a rotation
of the plateau (105Ma). The southward subduction at theChathamRise ceased at 95Ma. At the
end of the CNS, the spreading between all LIP fragments stopped and the fragments were in-
tegrated into the Pacific Plate. Neogene and Paleogene tectonic motion can be reported from
the Nova Canton Trough area and also from the Manihiki Plateau, where the Suvarov Trough is
created.
The northeastern and eastern fragments of the Manihiki Plateau have so far been omitted in
plate tectonic reconstructions. By tracing their motion along with the Farallon Plate and the
Phoenix Plate, possible areas of subduction can be identified. The northeastern fragment of
theManihiki Plateau reached the Andean subduction zone in the region of today’s Ecuador and
Colombia at 60 Ma. The northern Andes are an amagmatic arc, with a North-South trending
shearing component at the time, leading to the aggregation of oceanic plateaus. By comparing
petrological, geochemical and geophysical data, the Piñón formation (northern Andes) can be
identified as a possible remnant of the Manihiki Plateau.
The eastern fragment of theManihiki Plateaumoved southwards arriving at the eastern Gond-
wana subduction zone at 100Ma. In the Palmer Land area ofwestern Antarctica, a two-phased
collision by a mafic block has been proposed during this time. The presence of adakitic rocks
points to a flattened subduction zone initiated by the presence of an oceanic plateau in the
area, which subducted completely. A possible relict of the eastern fragment is the Charcot
anomaly offshore Alexander Island within the Bellingshausen Sea.
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The cruise So-224 and the subsequent processing and interpretation of the acquired data in-
creased our understanding of the crustal structure of the Manihiki Plateau, its role within On-
tong Java Nui and the plate tectonic framework of the western Pacific Ocean. But several new
questions arose, which calls for further investigation.
9.1 Crustal structure of the Manihiki Plateau and its margins
I modeled the crustal structure of the two main sub-provinces of the Manihiki Plateau. The
highly variable structure and thickness of the crust is a so far unreported feature of LIPs. To be
able to fully understand the break-up of Ontong Java Nui, the fragmentation of the Manihiki
Plateau and grasp the total magmatic volume of the LIP emplacement, additional surveying
with reflection seismic and refraction/wide-angle reflection data across the so far unsurveyed
margins of the Manihiki Plateau is needed (Fig. 9.1).
The crustal structure of theNorth Plateau and its northernmargins is unknown. For a better un-
derstanding of the break-up of Ontong Java Nui and the fragmentation of theManihiki Plateau,
refraction seismic and seismic reflection data needs to be acquired from this area. Addition-
ally, there are only few age constraints on the trough separating the North Plateau from the
Western Plateaus, although this area has been sampled extensively (Werner et al., 2013). Pro-
file A-A’ could clarify, if the trough is an extension of the Danger Islands Troughs or the result of
Neogene tectonic reactivation. This profile crosses the potentially thickest part of theWestern
Plateau,as inferred from gravity anomaly maps (Fig. 9.1) (Sandwell et al., 2014), and the margin
towards the Samoan Basin. The crustal structure of the southern Western Plateaus is char-
acterized by strong tectonic deformation and low-volume-seamount-magmatism (Hochmuth
et al., in review), but gravity anomaly maps possibly indicate strong variations within the sub-
province, which could be accessed further by this profile. The southern margin towards the
Samoan Basin has not been surveyed so far. It could give further indications of the separation
between theManihiki Plateau, as the potential conjugate to the Rapuhia Scarp of the Hikurangi
Plateau and the evolution of the Samoan Basin.
Profile B-B’ could clarify the crustal nature of the North Plateau and its relationship to the
Ontong Java Plateau (Fig. 9.1). Furthermore, with additional data from the Tokelau Basin the
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Figure 9.1: Gravity anomaly map of the Manihiki Plateau (Sandwell et al., 2014) illustrating the position
of proposed additional refraction/wide-angle reflection profiles (blue), H.P. = High Plateau.
N.P. = North Plateau, W.P. = Western Plateaus, the data collected during So-224 is shown in
black
transition between LIP crust and normal oceanic crust could be identified. The current data set
(AWI-20120100) unfortunately fails to cross the transition zone, which is apparently further to
theWest within the Tokelau Basin. This would further constrain the amount of crust emplaced
during the Ontong Java Nui event.
Finally, a profile C-C’ would help to understand the different signature of the gravity anomaly
of the northern High Plateau, which is rather comparable to the Western Plateaus (Fig. 9.1).
The proposed northeastern fragment of the Manihiki Plateau was emplaced here. Additional
refraction/wide-angle reflection seismic data could provide further indications of its existence
and its separation mechanism during the break-up of Ontong Java Nui.
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9.2 Enhancement of plate tectonic reconstructions
Figure 9.2: Additional data for plate kinematic reconstruction of the Western Pacific: stars indicate the
drilled igneous basement at the Louisville hotspot chain; the Robbie Ridge is marked in red;
the blue dashed line encircles the Ellice Basin/NovaCanton Trough; the position of theAlexa
Bank is marked by A. B.. Active subduction zones are marked in brown, transform faults in
red and mid-ocean ridges in black.
Plate tectonic reconstruction in the time of the CNS is complicated and evokes a large er-
ror margin. To constrain plate motion during this time it is necessary to use all available dated
locations (see Chapter 6 Tab. 6.1). The main features that used in this dissertation to trace
the plate motion are fracture zones and the margins of the LIPs. They can give good indi-
cations of the plate motion, but dating remains very critical. In 2011, IODP expedition 330
"Louisville Seamount Trail" drilled a section of age progressing seamounts of the Louisville
seamount chain, which crosscuts the former Hikurangi Plate (Expedition 330 Scientists, 2011)
(Fig. 9.2). One of the main goals of this expedition was dating the underlying igneous base-
ment formed at the Osbourn Trough. Unfortunately, the resulting data are not published yet.
Dating the Hikurangi Plate is crucial for the reconstruction of the plate motion between the
Manihiki Plateau and the Hikurangi Plateau. A better constrain on the cessation of spreading at
the Osbourn Trough could clarify the timing of the soft- and harddocking events of the Hiku-
rangi Plateau at the continental Chatham Rise (Fig. 9.2). The crustal thickness of the Hikurangi
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Plateau is also of great interest, since it has so far only been inferred by gravity modeling (Davy
and Wood, 1994). The upcoming RV Sonne cruise So-246 to the Chatham Rise, aims to pro-
vide further insight into the interaction between the Hikurangi Plateau and the Chatham Rise
as well as of its role in the separation between Zealandia and Antarctica by acquiring refraction
and reflection seismic data along with potential field and petrological data. Their results will
certainly improve our understanding of the eastern Gondwana margin during the CNS.
Furthermore, plate tectonic reconstructions would benefit from dated rock samples of the
NovaCantonTrough. Additional bathymetric andgravimetric surveying in this arewould enable
the mapping of relict spreading centers and fault systems. This would improve our knowledge
of the plate motion between the Manihiki Plateau and the Ontong Java Plateau and also clarify
the role of the Phoenix FZ and Central Pacific FZ during the proposed Neogene and Paleogene
reactivation of the Nova Canton Trough (Fig. 9.2).
The Robbie Ridge, located south of the Nova Canton Trough is still an enigma in the plate tec-
tonic frame work (Fig. 9.2). Winterer et al. (1974) attribute the ridge to spreading center volcan-
ism and speculate about a genetic connection to the Alexa Bank (Fig. 9.2). The Alexa Bank is
of Oligocene age (Johnson et al., 1986) and therefore not related to the Ontong Java Nui event.
Thus, the question remains: Was the Robbie Ridge emplaced as part of the Manihiki Plateau
and is a it further fragment of Ontong Java Nui? Or was the volcanism building-up Robbie
Ridge completely unrelated to Ontong Java Nui? An assessment of the evolution of Robbie
Ridge would improve the understanding of this region andcould possibly provide information
on the evolution of the Nova Canton Trough during the CNS.
9.3 Presence of fragments of theManihiki Plateau inwestern Antarc-
tica
The plate tectonic reconstruction indicates the presence of a fragment of the Manihiki Plateau
within the Bellingshausen Sea, western Antarctica So far, this is only a hypothesis based on
plate kinematic calculations andgeophysical evidence is needed for verification. A refraction/wide-
angle seismic profile (D-D’) covering the shelf area of the Bellingshausen Sea, crossing the
Charcot anomaly and possibly parts of Palmer Land would help to identify possible remnants
of the eastern fragment of the Manihiki Plateau in the area (Fig. 9.3). Additionally, this data
would provide insight into the tectonic framework of thewestern Antarcticmargin by revealing
for example the continent-ocean transition zone and different terranes. Due to environmental
restrictions by the Umweltbundesamt refraction/wide-angle seismic reflection data acquisi-
tion in the area of Charcot Island seems unlikely to take place in the near future. Heavy sea ice
conditions are also a limiting factor for ship borne operations in the area.
A more feasible scenario to test the hypothesis of the presence of a fragment of the Manihiki
Plateau within Palmer Land would be airborne magnetic and gravimetric profiling or conduct-
ing apassive seismic surveyusing for example receiver functions andambient noise correlation.
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Figure 9.3: Magnetic anomaly map (Maus et al., 2009) of eastern Bellingshausen Sea and Palmer Land
illustrating the position of a proposed additional refraction/wide-angle reflection profile
(blue). The green circle marks the position of the Charcot magnetic anomaly and Charcot
Island west of Alexander Island (A.I.)
Additionally, the re-examination of the few rock samples from the area with particular atten-
tion to rare element concentrations related to LIPs such as the chalcophile and siderophile
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A OBS/OBH data of So-224
A.1 Map of deployment locations
Figure A.1: Deployment positions of OBS/OBH stations during So-224; positions are marked with yel-
low stars black stars indicate stations, which did not return any data, underlying bathymetry
is taken from GEBCO (Weatherall et al., 2015)
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APPENDIX A. OBS/OBH DATA OF SO-224
A.2 Performance of OBS/OBH-stations
A.2.1 AWI-20120100
station H X Y Z
1 OBS 1 2 2 2
2 OBS 2 3 3 3
3 OBS 1 3 3 3
4 OBS 2 2 1-2 1-2
5 OBS 1-2 2 1 1
6 OBS 1 2 2 3
7 OBS 2 3 3 3
8 OBS 2 3 3 1-2
9 OBH 1 - - -
10 OBS 1 3 3-4 3
11 OBS 1-2 2-3 3-4 3
12 OBS 1-2 3 2-3 2-3
13 OBS 4 4 4 4
14 OBS 2 3-4 3 3
15 OBS 2 3 3-4 1-2
16 OBH 2 - - -
18 OBS 1-2 2-3 2-3 3
19 OBS 4 3-4 3-4 3-4
20 OBS 4 4 4 4
21 OBS 1 3 3 2
22 OBH 1 - - -
23 OBS 1-2 3 2-3 3
24 OBS 1-2 3 1-2 2
25 OBS 2 2-3 4 4
26 OBH 2-3 - - -
27 OBS 1 3 3 3
28 OBS 2 2-3 3 3-4
29 OBH 1-2 - - -
30 OBS 1-2 4 4 3
31 OBS 1-2 4 4 4
32 OBS 1 - - -
33 OBS 1 4 4 4
34 OBS 4 1-2 2 1-2
Table A.1: Performance of OBS/OBH-stations on profile AWI-20120100, the different channels are
labeled as follows: H hydrophone, X and Y horizontal geophones, Z vertical geophone, rank-
ing: 1 = very good data, 2 = good data, 3 = usable data, 4 = recording failed or no usable data;
completely failed stations are shaded in grey
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APPENDIX A. OBS/OBH DATA OF SO-224
A.2.2 AWI-20120200
station H X Y Z
1 OBS 1 1 1 1
2 OBS 2 2 2–3 2–3
3 OBS 1 3 2–3 2
4 OBS 1–2 3 3 3
5 OBS 4 4 4 4
6 OBS 1 1–2 2 3
7 OBS 1 3 2–3 2–3
8 OBS 1 2 2 2
9 OBH 1 - - -
10 OBS 1 2 1–2 2
11 OBS 1 2 1–2 1–2
12 OBS 4 4 4 4
13 OBS 4 4 4 4
14 OBS 1 2 1 1
15 OBS 1 1–2 1 1
16 OBH 4 - - -
18 OBS 1 2 1–2 1
19 OBS 1 2–3 1–2 2
20 OBS 1 2 1–2 1–2
21 OBS 3 1–2 2 3
22 OBH 1 - - -
23 OBS 1 2–3 3 1–2
24 OBS 4 4 4 4
25 OBH 1 - - -
26 OBS 1 2–3 2 2–3
27 OBS 1 3 3–4 3
28 OBS 1 1–2 1–2 1–2
29 OBH 1 - - -
30 OBS 1–2 2–3 2–3 2–3
31 OBS 4 1–2 1–2 1
32 OBS 1 3–4 3 2
33 OBS 1 3–4 2–3 2
34 OBS 1 3 1–2 1–2
Table A.2: Performance of OBS/OBH-stations on profile AWI-20120200, the different channels are
labeled as follows: H hydrophone, X and Y horizontal geophones, Z vertical geophone, rank-
ing: 1 = very good data, 2 = good data, 3 = usable data, 4 = recording failed or no usable data
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A.3 OBS/OBH stations of AWI-20120100
Figure A.2: Bathymetric map of AWI-20120100 across the Western Plateaus of the Manihiki Plateau,
yellow stars indicate stations, which provided P- and S-wave data, black stars indicate sta-
tions
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APPENDIX A. OBS/OBH DATA OF SO-224
A.4 OBS/OBH stations of AWI-20120200
Figure A.33: Bathymetric map of AWI-20120200 across the High Plateau of the Manihiki Plateau, yel-
low stars indicate stations, which providedP- andS-wavedata, black stars indicate stations,
which did not return any data, yellow and black striped stars indicate stations, which only
returned usable P-wave data
145

















































































































































































































































































































































































































































































































































































































































































































































APPENDIX A. OBS/OBH DATA OF SO-224
Figure A.49: P-waves station 200st21 upper panel: seismogram, middle panel: picked and modeled
arrival times, lower panel: resulting velocity model
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APPENDIX A. OBS/OBH DATA OF SO-224
Figure A.52: P- waves station 200st25 upper panel: seismogram, middle panel: picked and modeled
arrival times, lower panel: resulting velocity model
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APPENDIX A. OBS/OBH DATA OF SO-224
A.5 Reflection seismicdataof So-224along refraction seismicprofile
A.5.1 AWI-20120101
Figure A.62: Seismic reflection data profile AWI-20120101 corresponding to refraction seismic profile
AWI-20120100; for more information on experimental set-up and processing refer to
(Pietsch and Uenzelmann-Neben, 2015; Uenzelmann-Neben, 2012). This section has been
processed by G. Uenzelmann-Neben.
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A.5.2 AWI-20120201
Figure A.63: Seismic reflection data profile AWI-20120201 corresponding to refraction seismic profile
AWI-20120200; for more information on experimental set-up and processing refer to
(Pietsch and Uenzelmann-Neben, 2015; Uenzelmann-Neben, 2012). This section has been
processed by R. Pietsch.
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B Plate kinematic reconstruction with
GPlates
B.1 Plate IDs used in the plate tectonic reconstruction of the western
Pacific
Plate ID Plate













804 Marie Byrd Land
806 North Island NZ



















981 Ontong Java Plateau
983 Hikurangi Plateau
984-987 Catequil Plate Phoenix Plate
Table B.1: Plate IDs of thewestern Pacific as used for chapter 6, the highlighted rows are additional Plate
IDs to Seton et al. (2012)
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